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The electrical conductivity of solutions depends upon the con- 
centrations and the mobilities of charged particles of varving 
sizes. A culture medium in which bacteria are living and dying 
is a heterogeneous system, the composition and complexity of 


which are constantly changing. Substances in true and in 
colloidal solution are being chemically disintegrated and syn- 
thesized. The initial and final compositions may be well-known, 
but the intermediate reactions and the mechanisms involved 
in many cases are not understood. Several difficult problems 
are therefore presented in attempting to evaluate conductivity 
measurements in relation to bacterial metabolism. Parsons 
and Sturges (1926a, b) have reported a definite correlation be- 
tween conductivity and the amount of ammonia and amino 
nitrogen produced by putrefactive anaerobes. This is the only 
direct relationship between conductivity and some product of 
metabolism which has been established so far. Others have 
shown, however, (Sierakowski and Leczyeka, 1933 and papers 
quoted therein) that there is always some relationship between 
change in electrical conductivity and metabolic processes even 
though the direct cause for the alteration in electrical field 
strength may be obscure. Further information on such cor- 
relations has been sought. Experiments have been done, there- 
fore, with two different aerobic bacteria which produce ammonia, 
and one which produces lactic acid. It is believed that the data 

1 Read before the New York City Branch of the Society of American Bac- 
teriologists, May 11, 1937. 


2 The writers are indebted to Messrs. Darwin Vexler, Arthur E. Orloff, and 
Oscar Beder for assistance in determinations and in many other ways. 
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presented show the value of conductance measurements in 
describing, identifying, and interpreting the intermediary metab- 
olism of these organisms. 


DESCRIPTION OF ORGANISMS 


One of the ammonia-forming organisms was Pseudomonas 
fluorescens, recently isolated from milk. It conformed in all 
respects to the type description in Bergey’s Manual of Deter- 
minative Bacteriology. 

The other ammonia-forming organism was a lipolytic bacte- 
rium isolated from rancid cream by Anderson (Anderson and 
Hardenbergh, 1932). Since this is undoubtedly a new organism 
the name Achromobacter lipidis, N. Sp., is proposed because of 
its pronounced fat-splitting ability. The organism is a gram- 
negative, non-spore-forming rod, about 0.4 by 1.6 microns, oc- 
curing singly and in pairs. It appears to be non-motile or very 
sluggishly motile. Flagella have not been detected. Agar 
colonies are about four or five millimeters in diameter after 
forty-eight hours of incubation at 25-28°C., after which they 
slowly increase in size for several days. These colonies are 
circular with an entire edge, smooth, glossy, moist, and finely 
granular. With age they become coarsely granular and develop 
radial striations which result in a more or less undulate margin. 
Young colonies are white and beautifully opalescent. They do 
not darken with age. The agar slant growth is abundant, 
glistening and echinulate. Agar stab cultures produce an 
abundant surface growth with a delicate subsurface growth, 
diminishing rapidly with depth. In broth the upper portion 
of the tube first becomes turbid and a slight surface film devel- 
ops; later the turbidity spreads throughout the entire tube and 
a characteristic slimy white precipitate accumulates. An al- 
kaline reaction due to ammonia is produced in broth. An 
abundant moist white growth occurs on potato slants. Gelatin 
is not liquified by freshly isolated cultures, but cultures which 
have been grown on meat extract agar for some months may 
cause a slight liquification of gelatin in ten days. No indol is 
produced in Dunham’s solution. Nitrates are readily reduced 
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to nitrites. The organism is incapable of fermenting glycerol, 
glucose, galactose, fructose, sucrose, lactose, maltose, raffinose, 
inulin, starch, dulcitol, and mannitol. Litmus milk is slowly 
reduced and then becomes alkaline, commencing at the surface. 
The alkaline reaction is due, in part at least, to ammonia pro- 
duction. Colonies on blood agar plates are not larger than on 
plain agar and no hemolysis of blood cells or change in hemo- 
globin occurs. The outstanding characteristic of this organism 
is its marked lipolytic action, even at low temperatures. Freshly 
isolated cultures grow best at 28-29°C., fail to grow above 
34-35°C., and show a growth after several days at 2-4°C. 

The lactic-acid forming organism studied was Lactobacillus 
odontolyticus obtained from the culture collection of E. R. Squibb 
and Company through the courtesy of Dr. G. F. Leonard. 


MATERIALS AND METHODS 


The conductivity cells made from short-necked flasks varied 
in capacity from 250 cc. to 1000 cc. The platinized elec- 
trodes were inserted through openings made in the shoulder of 
the flasks. These electrodes varied in size and in separation 
according to the requirements of the experiment. Another 
opening was made near the top of the flasks so that samples 
could be drawn from time to time for chemical analysis. The 
slide wire in a Leeds and Northrop student potentiometer was 
used as the Wheatstone bridge. The instrument was shielded, 
and grounded through a Wagner Ground. The 1000-cycle 
current was supplied by a calibrated audio-oscillator. The 
bridge was balanced by obtaining a minimum sound through 
telephones. The resistance was accurately measured to 0.1 ohm 
and the capacitance to 0.001 microfarad. The cell constants 
were checked before and after each run using N/50 KCl solution 
as a reference solution. 

Each medium was sterilized in a conductivity cell and the 
whole was brought to the temperature of the incubator before 
inoculation. The temperature of the incubator was kept op- 
timum for each organism. 

pH determinations on milk inoculated with L. odontolyticus 





574 J. B. ALLISON, J. A. ANDERSON AND W. H. COLE 


were made by the quinhydrone electrode. The pH of one-per- 
cent peptone solutions inoculated with the lipolytic organism 
was determined colorimetrically. “The pH of milk inoculated 
with P. fluorescens was determined by the glass electrode de- 
veloped by MacInnes (MacInnes and Belcher, 1933). Van 
Slyke’s micro-amino-nitrogen apparatus (Van Slyke, 1912) 
was used to determine amino nitrogen. Care was taken to 
remove all the ammonia from the sample before analyzing for 
amino nitrogen since it has been shown that results obtained 
without the removal of ammonia are 18 to 50 per cent too high, 
depending upon the temperature and the size of sample (Parsons 
and Sturges, 1926c). Ammonia was removed by Folin’s aeration 
method (Folin and MacCullum, 1912) as well as by Van Slyke’s 
vacuum distillation method (Van Slyke, 1911). The ammonia 
was analyzed colorimetrically after Nesslerization. The CO, 
in the media was determined manometrically using Van Slyke’s 
apparatus (Van Slyke, 1917). Bacterial populations were 
counted by the standard agar-plate method. There was no 
evidence of contamination. 
EXPERIMENTS ON PROTEOLYSIS 

The data obtained from the analyses of skim milk inoculated 
with Pseudomonas fluorescens are listed in table 1. After an 
initial adjustment, increase in specific conductivity was found 
to be proportional to the amount of ammonia formed. This 


fact is illustrated in figure 1 where the line drawn through the 
experimental points is described by the following equation: 


(NH;) = 6.08 X 10 AC+2 (1) 


where (NH;) refers to the concentration (millimols per liter) 
of ammonia formed and A C to the increase in specific con- 
ductivity of the medium. A similar proportionality was re- 
ported by Parsons and Sturges (1926a, b) in their work on con- 
ductivity and ammonia production by certain putrefactive 
anerobes. Their proportionality constant was, however, some- 
what greater, which means that an increase in conductivity 
represented the synthesis of more ammonia in their media 
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inoculated with putrefactive anerobes than in the skim milk 
medium inoculated with P. fluorescens. They also found this 
proportionality between ammonia and increase in specific con- 
ductivity to apply from the origin. The data presented here 
show a change in mechanism which prevents the line from going 
through the origin and results in the addition of the constant 2. 


TABLE 1 
Data obtained from the analyses of skim milk inoculated with Pseudomonas 
Sluorescens 
Temperature 28 +0.5°C. 


SPECIFIC CON- a= ws . NH;* 
DUCTIVITY AMMONIA AMINO NITRO- CARBON DIOX- ‘ ry 
x 108 GEN IDE COs 
mullimols maillimols millimols 
hours per liter per liter per liter 


0 5.5 0.0 13.6 0.42 
23 j 0.1765 14.4 1.05 
47 5 945 19.9 2.185 
70 5.85 23 33.5 

O4 ll 71 32.3 
119 38 12 
141 61 8.65 33 
170 00 10.10 51 
192 8.37 12.35 51 
216 8.70 13.05 62.; 
240 9.18 18.23 64 
265 9.54 17.65 64 
336 32 27 .20 73 
384 98 31.20 80 
432 11.66 34.10 105 
456 12.10 35.90 95 
504 12.48 36.40 114 
552 12.95 42.0 109 
574 13.12 41.4 114 
600 13.30 41.6 132 


= 
‘ 


3 
1 


ow 


orn to 


—- OO. = 
~I 3) s3 <7 


* See text for method of calculation. 


The data obtained from the analyses of a peptone medium 
inoculated with Achromobacter lipidis are listed in table 2. The 
medium was a one-per-cent solution of Difco peptone in distilled 
water. Although the quantity of ammonia formed in the pep- 
tone medium was less than that formed in skim milk inoculated 
with P. fluorescens, there is still a direct proportionality between 








576 J. B. ALLISON, J. A. ANDERSON AND W. H. COLE 


the increase in specific conductivity and millimols of ammonia. 
This direct proportionality, which holds from the origin, is 
illustrated in figure 2. It will be noted that there is a definite 
break in the mechanism of the reaction after the specific con- 
ductivity has been increased to approximately 0.64 x 10-* mhos. 
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Fic. 1. Increase in specific conductivity (AC xX 10*) of skim milk inoculated 
with Pseudomonas fluorescens plotted against the concentration of ammonia 
(NH;) expressed in millimols per liter. 





This sudden increase in ammonia has been noted qualitatively 
in other samples of peptone media inoculated with this organism. 
Such a change in the mechanism of reaction would be interesting 
to study in detail, especially if it should prove to be character- 
istic of this organism. 
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The equation which describes the first straight line drawn in 
figure 2 is 
(NH;) = 10.86 X 10° AC (2) 


TABLE 2 
Data obtained from the analyses of 1 per cent peptone medium inoculated with 
Achromobacter lipidis, n. sp 
Temperature 28 +0.3°C 
gyno tal CARBON DIOX NH,* 


DUCTIVITY AMMONIA 3 TE 
vay IDE CO: BACTERIA 


maillimols millimols million 
hours per liter per liter per cc 
0 9144 0 0.415 2567 
10 9222 1.8367 
18 9414 04 333 
24 9566 7 
30 9802 
32 
42 0363 
56 0787 
68 1168 
76 1537 
80 1815 
92 2128 
104 2416 
116 2718 
125 3239 
130 3461 
134 3585 
140 3930 
143 
160 5345 
168 
201 6404 
209 .6291 
258 6369 
264 
307 6739 


* See text for method of calculation. 


where (NH;) represents the millimols of ammonia per liter and 
A C the increase in specific conductivity. Although less ammo- 
nia is produced in the experiment described for this organism 
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medium inoculated with Achromobacter lipidis, n. sp., plotted against the con- 
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with Pseudomonas fluorescens plotted against the concentration of ammonia 
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than that described for P. fluorescens, the proportionality con- 
stant is higher. 

Parsons and Sturges (1926a, b) also found that the increase 
in conductivity was proportional to the increase in the nitrogen 
calculated from a formol titration; in other words to the increase 
in ammonia plus the increase in amino nitrogen. The data 
obtained on P. fluorescens shown in figure 3 illustrate such a 
proportionality. The equation for the line is 


(NH;) + (NH.) = 20.0 x 10° A C + 16 (3) 


where (NH;) refers to the millimols of ammonia per liter and 
(NH,) represents the increase in millimols of amino nitrogen per 
liter. An initial change in mechanism is apparent here, as well 
as in the curve for ammonia, since the line in figure 3 does not 
pass through the origin. 


DISCUSSION OF RESULTS ON PROTEOLYSIS 

Free carboxyl and free amino groups appear in approximately 
equal amounts as a protein is hydrolyzed. Changes in con- 
ductivity resulting from enzymatic hydrolysis of a protein must 
be correlated in some way with the appearance of these polar 
groups in solution. Northrop (1919-1920) showed that while 
the liberation of carboxyl groups through hydrolysis of egg 
albumin with pepsin would increase conductivity, the liberation 
of free amino groups would decrease conductivity because some 
of the free acid would be bound by these basic groups. Thus, 
increase in conductivity would not necessarily parallel increase 
in hydrolysis of the protein. Baernstein (1928) in a similar 
study demonstrated, however, that there were two regions of 
pH where conductivity increased in direct proportion to the 
increase in amino nitrogen produced through enzymatic hy- 
drolysis of albumin. One region, pH 1.38 or less, is quite acid 
while the other region, pH 7.36, is on the basic side of the iso- 
electric point of many amino acids and polypeptides. He points 
out that his results are consistent with the ‘Zwitterionen’’ 
theory of Bjerrum (1923). Thus, in solutions sufficiently acid, 
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the conductivity will be influenced by the concentration of 
cations formed. 

The problem of studying proteolysis by living bacteria is not 
as simple, however, as one which involves the enzyme alone. 
Bacteria, for example, not only hydrolyze proteins but also 
deaminize some of the amino groups which are liberated. Am- 
monia, as well as amino nitrogen, appears in solution. A certain 
unknown quantity of this nitrogen derived from protein is 
utilized by the bacteria in the synthesis of protein and other 
nitrogenous derivatives. The sum, then, of the ammonia plus 
the amino nitrogen (equation 3) in the medium will be less than 
the amount of nitrogen actually liberated through the hydrolysis 
of the proteins. Waksman and Starkey (1932) have pointed 
out that nitrogen may also be lost from the culture medium as 
ammonia if there is a marked increase in alkalinity. There was, 
however, no loss in total nitrogen in the skim milk culture of 
P. fluorescens, since the total nitrogen of the cultures remained 
the same as the controls. The quantities, therefore, of ammonia 
and amino nitrogen must be correlated in some way with each 
other, with the degree of hydrolysis, and with specific con- 
ductivity. 

According to equations 1 and 3 it is possible to deduce that 
there is a direct proportionality between the increase in millimols 
of amino nitrogen and the increase in specific conductivity. 
The pH range is near that which can be predicted from Baern- 
stein’s work to give a direct proportionality between amino 
nitrogen and increase in conductivity. Incidentally the nar- 
rowness of this change in pH makes negligible any effect of an 
increase in (OH-) on conductivity. Parsons and Sturges (1926) 
conclude that the increase in conductivity of their cultures of 
putrefactive anerobes can be accounted for entirely by the 
increase in concentration of ammonium salts. They believe 
that compounds containing amino nitrogen, such as the amino 
acids, polypeptides, etc., would not contribute much to con- 
ductivity. 

It appears from our analysis, however, that either ammonia 
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or amino nitrogen is directly proportional to specific conduc- 
tivity. Further, it is possible to deduce from the data presented 
here on P. fluorescens that the change in concentration of 
ammonia is directly proportional to the change in amino 
nitrogen, or 


d(NH;)/d(NH:) = K = 0.437 (4) 


It follows that the rate of ammonia formation is 43.7 per cent of 
the rate of amino-nitrogen formation or, 


d(NHs3)/dt = 0.437 d(NH,) /dt (5) 


The production and activity of the enzymes involved in the 
catalysis of hydrolytic and synthetic processes which yield 
ammonia and amino nitrogen must be closely correlated. Equa- 
tion 5 can be interpreted to mean that constant proportions of 
amino acids are formed and deaminized, as well as utilized in 
nitrogen metabolism, by these organisms. This does not mean, 
however, that ammonia and amino nitrogen production by 
microorganisms will always bear this close relationship. For 
example, Waksman and Lomanitz (1925) have indicated that 
some microorganisms tend to accumulate amino acids in the 
early stages of proteolysis. Later, the amino acids are broken 
down and ammonia nitrogen predominates. Possibly some 
such change as the latter explains the break in the curve shown 
in figure 2. Other possibilities suggest themselves but they 
are all correlated with the growth and development of the 
organism itself. Thus, a complete understanding of proteolysis 
involves a knowledge of the intermediary metabolism of each 
organism. 

Bacterial metabolism refers to the coordinated chemical 
reactions which take place in the complex heterogeneous system 
of bacteria and medium. The mechanism of coordination is 
largely unknown although some kind of a relationship between 
variables such as ammonia, CO,, (H+), numbers of bacteria, 
specific conductivity, etc., must exist. There is, for example, 
some significance to the ammonia/carbon-dioxide ratios. These 
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ratios are listed in tables 1 and 2 and they are calculated by 
dividing the millimols of ammonia produced per liter, by the 
increase in millimols of carbon dioxide in the medium at any 
time. In the early hours of growth of P. fluorescens, carbon 
dioxide production is greater than ammonia production; i.e., 
the ammonia/carbon-dioxide ratio is less than unity. As the 
growth in population proceeds, this ratio gradually increases in 
value until it has reached approximately 1.4 at 160 hours which 
is almost the maximum. The maximum ratio shows that for 
every mol of CO, held in the medium, almost one and one-half 
mols of ammonia are produced. The increase in the ammonia 

carbon-dioxide ratio with time can be interpreted to mean either 
that the organisms are utilizing sources of carbon richer and 
richer in nitrogen or that less and less nitrogen is required by the 
population of bacteria for their synthetic needs. As the popu- 
lation matures, the mechanism of metabolism becomes more 
constant and a maximum ratio is established. The decline in 
this ratio which begins at approximately 400 hours would mean 
that the organisms are more and more using carbon compounds 
poor in nitrogen as a source of energy. Compounds, for example, 
which could accumulate from the metabolism of amino acids 
during the growth of the population might be utilized at this time. 

The ammonia/carbon-dioxide ratios listed in Table 2 are 
essentially constant from 42 hours until a slight rise occurs at 
130 hours. This can be interpreted to mean a constant mecha- 
nism of metabolism over this period. The slight increase in the 
ratio at 130 hours leads to a greater rise to a new value over 
2.0, slightly above the ratio calculated for ammonium carbonate. 
This is a change in mechanism of reaction which is in accord with 
the change illustrated in figure 2. It is possible that the large 
increase in ammonia is some function of the change in concen- 
tration of enzymes secreted by the bacteria which are involved 
in converting amino groups into ammonia. 

These speculations emphasize the fact that if the mechanisms 
of coordination between these variables were known, then the 
measurement of a single variable such as specific conductivity 
would permit an integration of the whole process of metabolism. 
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Further studies need to be made to establish these mechanisms 
of coordination. 


EXPERIMENTS WITH L. ODONTOLYTICUS 


The data obtained in the study of the souring of skim milk 


through the metabolism of L. odontolyticus are listed in table 3 
and shown graphically in figure 4. Conductivity cell no. 1 was 


TABLE 3 
Data obtained from the analyses of skim milk inoculated with 
Lactobacillus odontolyticus 
Temperature 37.65 +0.15°C. Cell #1 contained 250 cc. of the medium and 
it was not shaken during the period of analysis. Cell #2 contained 750 cc. of the 
medium and it was shaken before every determination. Samples for pH deter- 
minations were withdrawn from Cell #2. 











° _| SPECIFIC —_ ~<auy.| SPECIFIC 
mun | puerivirr CONPECTIY-| yyy rae | 'pocriverr, CONPUCTIV:| py 
X 10, ceu 1 CELL 2 . x 10%, ceui 1 cui. 2 . 
hours hours 
0 | 7.705 7.614 6.47 26 10.024 9.948 4.96 
2 | 7.774 | 7.77 6.45 28 10.18 10.105 | 4.80 
4 | 7.863 7.809 6.39 30 10.305 10.175 1.68 
6 | 7.969 7.916 6.27 32 10.415 10.205 4.63 
8 8 086 8.02 6.23 34 10.545 10.215 4.52 
10 | 8.207 8.274 6.10 36 10.695 | 10.235 4.40 
12 | 8.450 8.525 5.95 38 10.728 | 10.225 | 4.31 
14 8.737 8.687 | 5.71 40 10.736 10.225 4.20 
16 8.978 8.88 5.57 42 10.761 10.225 4.10 
18 9.177 9.08 5.53 44 10.815 10.225 4.11 
20 9.367 9.335 5.39 46 10.838 10.235 4.05 
22 9.564 9.706 5.22 48 10.854 10.25 3.93 
24 9.775 | 9.797 5.05 55 10.94 
57 10.92 





not shaken during the experiment. Cell no. 2 was shaken 
before each determination. The result was that after the curd 
formed it remained firm and unbroken in cell no. 1, but was 
broken and settled around the electrodes in no. 2. Conductivity 
changed in both flasks, as illustrated in figure 4, at approximately 
the same rate up to the point where the curd began to form. 
Where the curd was not broken, in cell no. 1, the conductivity 
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continued to rise. No further change in conductivity took 
place in cell no. 2 after the curd was broken and allowed to settle 
around the electrodes. These facts suggest that in the former 
case, where the curd remained unbroken, a colloidal gel was 
formed so that minute particles of casein did not hinder the 
passage of a current of electricity between the two electrodes in 
cell no. 1 as much as in cell no. 2. 
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Fic. 4. Time in hours plotted against specific conductivity and pH of skim 
milk inoculated with Lactobacillus odontolyticus. © represent determinations of 
specific conductivity in conductivity cell no. 1 which was not disturbed through- 
out the experiment. © represent determinations of specific conductivity in 
conductivity cell no. 2 which was shaken before each determination. The open 
circles © represent pH determinations made on samples taken from cell no. 2. 


Conductivity changes in this system before the curd is formed 
are primarily due to the increase in the concentration of the 
hydrogen ion. Other factors, however, play a rdéle in this in- 
crease in electrical field strength of the medium. Probably the 
most important of these other factors is the acid-binding capacity 
of the casein. Thus, as the lactic acid is formed through the 
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decomposition of lactose, a certain number of hydrogen ions 
will be removed from solution by combining with the protein. 
The protein will gradually lose its charge until at the isoelectric 
point the casein separates from solution. The net result is an 
approximate linear relationship between specific conductivity and 
pH up to the isoelectric point. 

The value of conductivity measurements in the investigation 
of the metabolism of lactic-acid-forming bacteria is obvious. 
Further study should yield information concerning the physical 
chemistry of the reaction in milk as well as establish the rate of 
acid formation as it is correlated with other variables that are 
also a result of the metabolism of these organisms. Conduc- 
tivity measurements could be used also to advantage in a com- 
parative study of the rate of acid formation between different 
lactic acid forming organisms. A preliminary analysis, for 
example, has shown no difference in the rate of formation of 
lactic acid by Lactobacillus bulgaricus and Lactobacillus odontoly- 
ticus using change in conductivity as a measure of acid formation. 


SUMMARY 


An ammonia-forming lipolytic organism isolated from cream 
is named Achromobacter lipidis, n. sp., and is described. Spe- 
cific conductivity is directly proportional to the production of 
ammonia by Pseudomonas fluorescens grown in skim milk and 
by Achromobacter lipidis, n. sp., grown on one-per-cent peptone 
medium. The processes which result in the formation of ammo- 
nia and amino nitrogen in skim milk inoculated with Pseudomonas 
fluorescens are interdependent; the rate of ammonia formation 
being 43.7 per cent of the rate of amino-nitrogen formation. 
The ratio between increase in ammonia and increase in carbon 
dioxide is an aid in the interpretation of the mechanism of me- 
tabolism. Measurements made on skim milk inoculated with 
Lactobacillus odontolyticus demonstrate that specific conductivity 
is a linear function of decreasing pH until the isoelectric point 
of the casein is reached. A constant specific conductivity is 
approached rapidly if the curd precipitates around the elec- 
trodes while the approach is slower if a colloidal gell is formed. 
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The colon group of bacteria may be characterized as non- 
sporing Gram-negative bacilli which ferment lactose, producing 
acid and gas, and which can grow aerobically. Although many 
bacteriologists recognize the genera Escherichia and Aerobacter, 
the genus Citrobacter has not been generally accepted. 

In 1923, Koser showed that strains of the genus Aerobacter 
utilized citric acid as a sole source of carbon (citrate positive), 
whereas those of the genus Escherichia did not (citrate negative). 
In 1924, Koser found that 23 of 25 coliform strains [methyl-red 
(+), Voges-Proskauer (—)] isolated from unpolluted soil were 
citrate (+). Due to their source he referred to them as ‘“‘soil 
forms.’”’ The possible sanitary significance of this finding was 
immediately realized. The correlation of habitat with mor- 
phology and biochemical characteristics was, and still is, the 
chief hope for an improved criterion of water pollution. 

Bardsley (1934) summarized previous work on this point: 
‘“‘Most workers in tropical countries where pollution is very heavy 
find it practical to distinguish between the different types of 
coliform bacilli, and only those organisms which conform to the 
true B. coli group [methyl-red (+-), citrate (—)], are regarded as 
excretal contamination.... In temperate climates the position 
is not so well defined.” 

Fermentation of cellobiose and alpha-methyl-glucoside, pro- 
duction of trimethylene glycol from glycerol, and even Werkman 
and Gillen’s (1932) description of the genus Citrobacter as com- 
prising those citrate (+) coli-like strains which produce ‘‘Ace- 
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toin... rarely from glucose and then only in traces’’ have been 
found inadequate for differentiation of the “intermediates” from 
strains of the genera Escherichia and Aerobacter. A clearer 
characterization of the “‘intermediate’’ group is necessary. 

The physiological characterization of the colon group has been 
stressed, in the past, from the standpoint of carbohydrate chem- 
istry though some work with several purine compounds has 
been reported. Plenge (1903) and Schittenhelm and Schréter 
(1903, 1904) reported that ‘“‘B. coli’? attacked nucleic acid. 
Koser (1918) showed that Aerobacter, but not Escherichia strains, 
utilized uric acid as a sole nitrogen source. He obtained similar 
results with hypoxanthine hydrochloride, although here the 
Aerobacter strains grew less luxuriantly. Chenn and Rettger 
(1920) confirmed Koser’s work on uric acid and found that 
xanthine gave similar results with typical Escherichia coli strains. 
But of 20 coli-like strains from soil, 10 of which were uric acid 
(+) and 10 uric acid (—), all were xanthine (—). 

Nucleic acid and its degradation products were selected for 
this study because (1) of the known fact that uric acid is an 
available nitrogen source for Aerobacter but not for Escherichia 
strains; and, (2) of the possibility of correlating the findings with 
work in biochemistry. 

According to Levene (1920), yeast nucleic acid is composed 
of the following radicals: 4 phosphate, 4 carbohydrate, 2 purine 
(adenine and guanine), and 2 pyrimidine (uracil and cytosine). 
Uric acid is the main end-product of purine digestion in man and 
anthropoid apes; allantoin is the chief end-product in most other 
animals. Allantoin is converted, in vitro, to hydantoin and 
urea, and further to glycine, carbon dioxide and ammonia. 

The following investigation of the availability of yeast nucleic 
acid and some of its degradation products, (adenine sulphate, 
xanthine, uracil, uric acid, allantoin, hydantoin, and urea) was 
made with a view to development of differential media for the 
colon group. All but urea were Eastman products. 

The basal medium consisted of: 0.5 per cent NaCl; 0.02 per 
cent MgSO,; 0.004 per cent brom-thymol blue; and approxi- 
mately 2 per cent by volume of 1.0 molar phosphate buffer 
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(pH 7.1). In some media it was necessary to employ a more 
alkaline phosphate buffer solution in order to adjust the reaction 
to approximately pH 7.1. To determine the availability of a 
compound as a source of nitrogen, 0.2 per cent of glucose and 
0.05 per cent of the test compound were added to the basal 
medium; to ascertain the availability of a compound as a sole 
source of carbon, 0.2 per cent of monoammonium phosphate was 
supplied as an available nitrogen source, and to determine the 
availability of a compound as a sole source of both carbon and 
nitrogen, 0.5 per cent of the test compound was added to the 
basal medium described above. 

All glassware was acid washed and rinsed with sodium bi- 
carbonate solution followed by distilled water. All chemicals 
were chemically pure. The constituents were dissolved in 
conductivity water at a temperature below boiling. Since the 
effect of autoclaving these compounds was unknown, all media 
were sterilized by filtration through Chamberland L3 candles. 
Inoculums consisted of a one-millimeter loop of a 24-hour broth 
culture. Incubation was for four to five days at 30°C. (temper- 
ature of the medium). 

The bacteria employed in the nitrogen availability studies 
included: 106 Escherichia; 39 Aerobacter cloacae; 31 Aerobacter 
aerogenes (indol positive) ; 41 Aerobacter aerogenes (indol negative 
138 “intermediate” strains (75 of which were contributed by 
workers outside this laboratory); and 6 strains which were 
received as “‘intermediates”’ but which gave questionable Voges- 
Proskauer reactions. Included among the “‘intermediate”’ strains 
was a transfer of the original strain of Citrobacter freundii, the 
type species of the genus Citrobacter. 

Frozen eggs constituted the source of 90 per cent of Escherichia, 
33 per cent of “intermediate,” 77 per cent of Aerobacter, and one 
of the 6 Voges-Proskauer questionable strains. The source of 
isolation was unobtainable for 48 per cent of the “‘intermediate”’ 
and 3 of the Voges-Proskauer questionable strains. The rest 
of the cultures were secured from fowl or human feces, surface 
water, swimming pool water, etc. The date of isolation, or of 
arrival at this laboratory, varied from 1929 to 1936. ‘The “‘in- 
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termediate’ and questionable Voges-Proskauer strains were 
purified by at least three platings on eosin methylene-blue agar. 
The Escherichia and Aerobacter strains, from the Iowa State 
College bacteriology laboratory collection, were checked, as to 
lactose, eosine methylene-blue agar, Voges-Proskauer, and ci- 
trate reactions. 








TABLE 1 
Summary of differential characteristics of the coli-aerogenes group 
| ESCHE- | awrer- | aAERo- vP | CITROBACTER 
RICHIA MEDIATE BACTER 


(?) FREUNDII 


Number of strains 
106 138 mi | 6 | 1 





Per cent of positive reactions 





Yeast nucleic acid.... 0 100 | - 


Uric acid teeteeeeeel 0 0 100 100 a 
Allantoin........ | 0 0 | 100 | = 100 — 
Hydantoin | 0 | 0 | 87 | 100 | - 
Uracil | 80 | 2 | 100 | 100 | - 
Urea.... ..| 2 92 | 100 | 100 | + 
vP | oO | 0 100 | | - 
Citric acid 0 | 100 100 | 100 | + 
ERLE RE ES Pe Le SSS Meare 
ee aa Sa 0 100 + 
Cellobiose ft 862 |) 95* | 99 100 | Acid, no gas 
HSt.. | 1 83t | 0 0 + 
eee Te 98 Bod 23 17 _ 





* Of the 131 “intermediate”’ strains which attacked cellobiose, 97 produced 
acid but no gas. 
+ Vaughn and Levine (1936) medium. 





Availability of a compound as a nitrogen source was indi- 
cated by production of acid from the glucose in the medium. 
In all experiments evidence of growth as indicated by increased 
turbidity, was also recorded. 

In table 1 are summarized the results for tests in which the 
entire collection of cultures was employed. 

Adenine was tested with only a few strains (10 Escherichia, 
10 Aerobacter and 8 “‘intermediates’’) and xanthine was observed 
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with 10 Escherichia, 10 Aerobacter and 50 intermediate strains. 
The nitrogen of xanthine and adenine was utilized by all the 
coli strains tested. Since no differential action was evidenced, 
other cultures were not tested, and these compounds are there- 
fore not listed in table 1. 

It was observed that the Aerobacter and questionable Voges- 
Proskauer strains utilized the nitrogen of all the compounds 
listed; whereas Escherichia strains utilized the nitrogen of the 
pyrimidine uracil only, while the “intermediates’’ utilized only 
the nitrogen of urea. 

None of the strains of Aerobacter, after having acidified the 
medium, reversed the reaction in nucleic acid, xanthine (ques- 
tionable reversal for a few strains), or hydantoin media, although 
they did so in media containing other nitrogen sources. A few 
Aerobacter strains showed beginning reversal of reaction in the 
uracil medium on the third day, but complete reversion to the 
original alkalinity did not occur in any case by the fifth day. 
The “intermediate” and Aerobacter strains showed such rapid 
reversion in the urea medium that observations for short incuba- 
tion periods (< 24 hours) were necessary in order to detect acid 
production. 

In media containing adenine, xanthine and urea increase in 
turbidity was well correlated with development of acidity as 
shown by intensity of color change of indicator. The Aerobacter 
in nucleic acid, and the Escherichia strains in uracil, however, 
produced a distinct acidity without markedly increasing tur- 
bidity. 

In media employing uric acid or allantoin as sole sources of 
nitrogen there was perfect agreement between the two indices 
(turbidity and acidity) for utilization of a test compound when 
strains of Aerobacter aerogenes were used. Of the 39 strains of 
Aerobacter cloacae, however, all produced acid while only 31 
per cent (12 strains) showed vigorous growth as evidenced by 
marked turbidity. In the hydantoin medium, 60 per cent of 
the Aerobacter cloacae strains produced acid after 3 days at 
30°C. but in no case was the turbidity greatly increased. With- 
out further chemical study the significance of the differences 
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observed with the two criteria as indicators of nitrogen utiliza- 
tion is conjectural. Acid production from an available sugar 
in the presence of a test compound as a sole nitrogen source 
appeared to have the greater practical value for differentiation 
of members of the colon group. 

Vigor of growth as indicated by increased turbidity was em- 
ployed as the criterion of availability of carbon, and of both 
carbon and nitrogen. Observations with 10 Escherichia, 8 
“intermediates,’’ 5 A. aerogenes, and 5 A. cloacae strains indicated 
that nucleic acid, uracil, uric acid, allantoin, hydantoin, and 
urea were utilized as carbon and as both carbon and nitrogen 
sources by A. aerogenes, but not by the other strains. Adenine 
sulphate served as an available source of carbon, but not of both 
carbon and nitrogen, for the A. aerogenes strains; it was not 
utilized by the other strains. 

The effect of moderate autoclaving (15 lbs. for 12 minutes, 
and the medium cooled immediately) on availability of the test 
compounds as nitrogen sources was observed with nucleic acid, 
uracil, allantoin, hydantoin, and urea. Inoculation with the 
above 28 test strains showed that, as nitrogen sources, neither 
nucleic acid nor uracil was appreciably affected by autoclaving 
while allantoin, hydantoin, and urea were distinctly modified. 
Prior to autoclaving, the allantoin and hydantoin compounds 
had not served as nitrogen sources for either “intermediate”’ or 
Escherichia strains; after autoclaving they were available as 
nitrogen sources, for the ‘intermediate’ but not for the Esche- 
richia-‘strains. The filtered urea-nitrogen medium supported a 
vigorous growth and acid production of “intermediates,” but 
Escherichia strains did not grow. Autoclaving rendered the 
medium suitable for Escherichia strains. Further work might 
develop the autoclaved allantoin and hydantoin media as useful 
in differentiating the ‘‘intermediate”’ from the Escherichia strains. 

In an experiment employing five Escherichia strains it was 
observed that their differentiation from Aerobacter in the allan- 
toin medium was associated with a small inoculum. Heavy 
seeding from an agar slant presumably introduces some factor 
which permits abundant multiplication of Escherichia strains 
and therefore invalidates the differential value of the medium. 
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This necessity for employing a small inoculum is known to hold 
for several accepted differential tests e.g., Koser’s uric acid 
medium. 

DISCUSSION 

Since methods for qualitative and quantitative determination 
of many of the intermediate products of decomposition of nucleic 
acid are available from the field of physiological chemistry, a 
study of bacterial fermentation of these compounds should be 
greatly facilitated. As the Aerobacter and questionable Voges- 
Proskauer strains are able to utilize all of the nitrogen compounds 
studied it is suggested that the disintegration of nucleic acid by 
these strains may be analogous to that occurring in the animal 
digestive tract, and that a study of the bacterial fermentation 
of these compounds offers a possible method of investigating the 
course of their digestion in the animal intestinal tract. 

Lucke (1931) presented evidence that a great part of the uric 
acid of the gastric juice and bile is destroyed in the alimentary 
canal. He found that this destruction commenced in the upper 
small intestine. Since it is known that strains of Aerobacter 
predominate in that region, the present report makes it logical 
to assume that nucleic acid or any of its degradation products 
in the intestine could be readily disintegrated by bacteria as well 
as by the digestive enzymes of the host. 

It would be interesting to know the point in the molecule at 
which these nitrogen compounds are attacked. The Aerobacter 
strains utilized all compounds tested and therefore offer no clue. 
That the Escherichia and ‘‘intermediate”’ strains could not attack 
the imidazole ring or that this ring is inhibitory is suggested by 
their failure to attack uric acid, allantoin, and hydantoin. How- 
ever, the Escherichia strains attacked uracil, and the “‘inter- 
mediates’ attacked urea. The evidence for the suggestion 
offered is slight; other imidazole ring compounds as nitrogen 
sources must be studied before the suggestion could be accepted 
as anything other than an hypothesis. 

One may then inquire why xanthine and adenine sulphate were 
utilized as nitrogen sources. At present, there appears to be no 
logical explanation of the action on xanthine. As to the utiliza- 
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tion of the nitrogen of adenine sulphate, it is to be borne in mind 
that various radicals may greatly affect the availability of a 
compound to bacteria. For instance, glucose and alpha-methyl- 
glucoside are not attacked with the same ease by the colon group, 
and methyl urea and thiourea are not equally available nitrogen 
sources to the same bacteria (de Jong). It may be that the 
sulphate radical renders the adenine more easily attacked. 

Perusal of table 1 shows that, on the basis of utilization of 
degradation products of yeast nucleic acid in unautoclaved media 
as sole nitrogen sources, the colon group may be separated into 
three divisions: one which utilized all of the compounds tested, 
a second which utilized only uracil, and a third which utilized 
only urea. The questionable Voges-Proskauer strains were 
wholly like those of the genus Aerobacter with respect to their 
utilization of these nitrogen compounds and were therefore 
allocated to that genus. 

From table 1 a dichotomous chart may be formed: 


Colon Group 





ee 4 — 
! ] 
VP (+) VP (—) 
yeast nucleic acid (+) yeast nucleic acid (—) 
uric acid (+) uric acid (—) 
allantoin (+) allantoin (—) 
hydantoin (+) hydantoin (—) 
Aerobacter | 
r — - a ae 
4 
citrate (+) citrate (—) 
uracil (—) uracil (+) 
urea (+) urea (—) 
HS (+) H,S (—) 
indol (—) indol (+) 
Citrobacter Escherichia 


These data may be considered as strengthening the evidence 
for allocating the “intermediate” strains to a separate genus 
About 90 per cent of the “intermediates” gave 


Citrobacter. 
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reactions identical with those of a transfer of the original strain 
Citrobacter freundii, the type species of the genus Citrobacter. 
It is therefore suggested that, if Citrobacter is retained, those 
strains of the coli-aerogenes group having the following char- 
acteristics be allocated to that genus: 

Gram-negative short rods; do not produce spores; ferment 
lactose with acid and gas; do not produce acetylmethylcarbinol 


DIFFERENTIAL CHARACTERS OF COLON-AEROGENES GROUP 


INTERMEDIATE” 
ESCHERICHIA (CITROBACTER) AEROBACTER 


REACTIONS % — % + a a + i—- | met 


Vv. PB 

M.R. 

Citric Acid 
Cellobiose 
Indol 

Hes 


Uric Acid 
Yeast Nucleic 

Acid 
Allantoin 
Hydantoin 
Uracil 


Urea 





GMB cherccter in which group differs from each of the other groups. 
Wi, bad « w intermediates” differ from Escher chia 


” " ” " " " Aerobacter. 


Fic. 1 






(VP negative); utilize citric acid as a sole source of carbon; 
generally produce H,S in appropriate media; utilize urea as a 
sole source of nitrogen but not yeast nucleic acid, uracil, uric 
acid, allantoin or hydantoin; and ferment cellobiose with acid, 
but generally no gas production. 

The reactions of the genera Escherichia, Aerobacter and Citro- 
bacter with respect to the twelve characters studied are shown 
graphically in figure one. It will be noted that the genus £s- 
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cherichia differs from the other two genera in that it does not 
utilize citric acid or cellobiose as sole sources of carbon, nor urea 
as a sole source of nitrogen. The genus Aerobacter differs from 
the other two genera in that it is Voges-Proskauer positive, 
methyl-red negative, and utilizes uric acid, nucleic acid, allantoin 
and hydantoin as sole sources of nitrogen. The “intermediate” 
group (Citrobacter) differs from both of the other genera in that 
it produces hydrogen sulphide from appropriate media and, par- 
ticularly, in that it does not utilize uracil as a source of nitrogen. 

The genus Citrobacter, as defined above, differs from Esche- 
richia in that it is capable of utilizing urea but not uracil as a 
sole source of nitrogen, is indol-negative, and can utilize citric 
acid and cellobiose as sole sources of carbon. It differs from the 
genus Aerobacter in that it is Voges-Proskauer negative, methyl- 
red positive and cannot utilize uric acid, nucleic acid, allantoin, 
hydantoin, or uracil as sole sources of nitrogen. 


SUMMARY 


Studies on the availability of nucleic acid and certain of its 
degradation products for members of the colon group of bacteria 
revealed generic differences. 

The availability of nucleic acid and its degradation products 
when correlated with the Voges-Proskauer reaction, citrate 
utilization, hydrogen sulphide, and indol production, lends sup- 
port to the allocation of the “intermediate” strains to a separate 
genus Citrobacter. 

The colorimetric test based on the production of acid from 
glucose in a synthetic medium proved to be a convenient and 
practical method for ascertaining utilization of nucleic acid and 
its degradation products as sole nitrogen sources. 

The nitrogen-availability studies offered a means of classifying 
strains giving questionable Voges-Proskauer reactions. In the 
present study six such strains investigated were allocated to the 
genus Aerobacter. 

Limited observations indicated that of the colon strains in- 
vestigated only Aerobacter aerogenes utilized nucleic acid, uric 
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acid, uracil, allantoin, hydantoin, and urea as sole sources of 
carbon or of both carbon and nitrogen. 

Exploratory runs indicated that neither nucleic acid nor 
uracil was affected as a nitrogen source by moderate autoclaving, 
whereas allantoin, hydantoin, and urea were distinctly altered. 
In the present study all media were sterilized by filtration. 

A more detailed chemical study is suggested. Investigation 
of the nitrogen availability of other pyrimidine compounds 
should prove fruitful. 

The genus Citrobacter as defined in this paper differs from 
Escherichia in that the former (1) utilizes urea but not uracil 
as a sole source of nitrogen, (2) utilizes citric acid and cellobiose 
as sole carbon sources, and (3) produces H.S but not indol. It 
differs from Aerobacter in that it (1) gives a positive methyl-red 
test, (2) forms H.S in proteose peptone ferric citrate agar, (3) 
does not produce acetylmethylearbinol (Voges-Proskauer nega- 
tive), and (4) does not utilize nucleic acid, uric acid, allantoin, 
hydantoin, or uracil as nitrogen sources. 
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In former communications, the authors (1935, 1936, 1937 
presented studies on the utilization of several sugar alcohols and 
their anhydrides by various microérganisms. It was observed 
that the removal of a molecule of water from a sugar alcohol 
with the formation of its anhydride, in most instances, pre- 
vented its utilization by many organisms of the colon-aerogenes 
group. Since the anhydrides of dulcitol and mannitol are not 
utilized, it was thought of interest to study the anhydride of 
sorbitol which is a corresponding sugar alcohol. 

The additional compounds, sorbose, pinitol, primulitol and 
hydroxypyruvic aldehyde were available and hence were in- 
cluded in these studies. 

The following formulas show the structural relationship of 
the substances employed: 


CH,OH CH,OH H.C CH,OH 
H—C—OH c=0 H—C—OH HO—C—H 
HO C H HO—C—H HO—C—H 1 HO—C—H 
H—C—OH H—C—OH H—C—OH HO —C—H 
H C -OH HO—C—H H—C H—C—OH 
CH,OH CH,0H CH,0H H—C—OH 
CH,OH 

d-Sorbitol 1-Sorbose Styracitol Primulitol 


1-5 Anhydro sorbitol §-d-Mannoheptitol 
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H OH 
| | 
nce, 2 O 
Ho 6O/|) IX Ve 
\ #7 OH H \ 4 C—H 
Cc C | 
> a bt a ln, * C=O 
H | |7 CH; 
o——O6 CH,OH 
| | 
H OH 
Pinitol Hydroxypyruvic 
Mono methy!] d-inositol Aldehyde 


COMPOUNDS STUDIED 

Sorbitol is a non-reducing, sweet-tasting, crystalline sugar 
alcohol prepared from d-glucose by reduction with sodium al- 
malgam. Pfanstiehl’s C. P. sorbitol was used in these studies. 
l-sorbose is the ketose isomeric with fructose. It was discovered 
in 1852 in Mountain-ash berries along with sorbitol. Sorbose 
is not believed to occur naturally in the plant but to be formed 
by the oxidizing organism, Bacterium xylenium, acting upon 
sorbitol. Commercially, sorbose is prepared by the action of 
Bacterium xylenium upon sorbitol. Merck’s C. P. sorbose was 
employed in this investigation. 

Styracitol, the 1-5 anhydride of sorbitol, corresponds to 
polygalitol.!' It is a stable, non-reducing, sweet-tasting, crys- 
talline compound. It was synthesized from glucose in this 
laboratory by the method of Zervas (1930) which involves the 
reduction and hydrolysis of tetraacetyloxylglucal. 

Primulitol (8-d-mannoheptitol) is a seven-carbon-atom sugar 
alcohol unlike any compound so far studied in this series. It 
was extracted from the plant root, Primula offinicalis by the 
method of Bougault and Allard (1902). It is non-reducing. 

Pinitol is a seven-carbon-atom cyclo hexitol with a methyl 
group attached to one carbon atom. The compound was ex- 
tracted from Pinus libertiana by the method of Sherrard and 


1 Recently Freudenberg and Rogers have presented evidence to show that 
styracitol is 1-5 anhydromannitol and polygalitol 1-5 anhydrosorbitol. J. A. 
C. 8. 69: 1602 (1937). 
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Kurth (1928). The compound melted uncorrected between 
183 and 185°C. 

Hydroxypyruvic aldehyde is entirely different from the com- 
pounds so far studied as far as its chemical reactivity is con- 
cerned. It is very reactive, reducing Fehling’s solution in the 
cold. The compound was prepared by the method of Evans 
et al. (1938) and the form used was the trimer of the alcoholate. 


METHOD 

In this study 25 strains of Escherichia coli; 14 propylene- 
glycol-positive, and 11 propylene-glycol negative (Dozois et al. 
1937) were used. Of the 14 strains of “‘intermediates”’ studied, 
10 were adonitol and inositol negative while 4 fermented these 
sugars. Seven strains of Aerobacter aerogenes, 4 of Eberthella 
typhosa and 11 of Salmonella were studied. The characteristics 
of each organism were determined in detail. 

Fermentation tests were carried out in 1-per cent carbohydrate 
broth culture media, prepared by adding the sterile carbohydrate 
to sugar-free nutrient broth of a pH of 7.0. Bromthymol blue 
or bromcresol purple was added to serve as an indicator. In- 
cubation was at 37.5°C. for 14 days and observations for the 
formation of acid and gas were made daily. Each strain was 
carried through at least 4 serial passages to determine its con- 
tinued ability to utilize the carbohydrate in question. 

RESULTS 

With the exception of 1 strain of Aerobacter aerogenes all 
organisms studied fermented sorbitol. All of the propylene- 
glycol-positive and 2 of the propylene-glycol-negative Esche- 
richia coli, and all of the “intermediates” fermented sorbose. 
The Eberthella typhosa were unable to utilize it, while the mem- 
bers of the Salmonella group formed acid but no gas with this 
sugar. 

Ten of the propylene-glycol-positive FE. coli fermented sty- 
racitol. Three propylene-glycol-negative strains produced only 
acid from styracitol while 6 other members of this group com- 
pletely fermented it. This anhydride was utilized by all of the 
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Aerobacter aerogenes studied. The reaction of the adonitol- 
inositol-negative “intermediates” varied; 2 organisms fermented 


TABLE 1 
Utilization of sorbitol and anhydrides 








SORBITOL SORBOSE 8STYRACITOL 
ORGANISMS STUDIED ae 
A | A*® 8 A | A® 8 ate (3) 


Escherichia coli (25 strains): 


Propylene-glycol-positive 14 14 10 | 4 

Propylene-glycol-negative 11 21;9);3 6 |; 2 
Aerobacter aerogenes (7 strains) 6/1 3} 2/2 7 
Intermediate (14 strains): 

Adonitol-Inositol-negative rcs 10 10 1 2/1 

Adonitol-Inositol-positive ei 4 4 6); 4 
Eberthella typhosa (4 strains) ” 4 4 | 4 
Salmonella (11 strains): 

paratyphi 5 5 5 


schottmuelleri 6 6 6 | 
A = Acid formation. 
A* = Acid and gas formation. 
6 = No fermentation. 
TABLE 2 


HYDROXYPYRU- 


PINITOL PRIMULITOL VIC ALDEHYDE 


ORGANISMS STUDIED 


A A* 8 A A* 3) A A* 3) 


Escherichia coli (25 strains): 


Propylene-glycol-positive 8 6 14 14 

Propylene-glycol-negative . o 11 | 11; 3 | 2 6 
Aerobacter aerogenes (7 strains) 2 5 713 4 
Intermediate (14 strains): 

Adonitol-Inositol-positive 4 + l 2 1 

Adonitol-Inositol-negative 10; 1 5 4 6 4 
Eberthella typhosa (4 strains) 4 4/4 
Salmonella: (11 strains) | 

paratyphi - : 5 5 | 5 


schottmuelleri ' 6 6 | 6 


A = Acid formation. 
A* = Acid and gas formation. 
6 = No fermentation. 


it, 1 produced only acid and 1 failed to utilize it. Six adonitol- 
et: 


inositol-positive “‘intermediates”’ gave positive results. The Eber- 
thella typhosa gave negative results with styracitol, the Salmonella 
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paratypht produced acid but no gas while the Salmonella schott- 
muelleri utilized it. 

Pinitol was fermented by 8 strains of propylene-glycol-positive 
E. coli, 2 strains of A. aerogenes, and 6 strains of Salmonella 
schottmuelleri. 

All of the E. coli, A. aerogenes, E. typhosa and S. paratyp! 
failed to utilize primulitol. The adonitol-inositol-negative ‘‘in- 
termediates”’ 
formed both acid and gas from primulitol. 

The fermentation results with hydroxypyruvic aldehyde were 
varied. The propylene-glycol-positive Escherichia coli failed 
to utilize this aldehyde; of the propylene-glycol-negative group, 
2 completely fermented it and 3 produced only acid. ‘Three of 
the Aerobacter aerogenes strains produced acid but no gas from 
this aldehyde. Of the 4 strains of adonitol-inositol-positive 
“intermediates” 1 produced acid and 2 completely fermented 
hydroxypyruvic aldehyde. Six adonitol-inositol-negative “inter- 
mediates”, 4 strains of Eberthella typhosa and 5 Salmonella para- 
typhi also produced acid but no gas from this aldehyde. 


as well as 6 strains of Salmonella schottmueller 


CONCLUSIONS 


1. The removal of one molecule of water from sorbitol which 
results in the formation of styracitol alters its utilization by 
many bacteria of the colon-aerogenes group. 

2. Pinitol, primulitol and hydroxypyruvic aldehyde fermenta- 
tion studies may lead to further methods of distinguishing 
Salmonella paratyphi from Salmonella schottmuelleri. 

3. Since none of the “intermediates” studied fermented pinitol 
and some of the Escherichia group were able to utilize it, this 
sugar alcohol may be of value in the identification of the group. 

4. The fermentation reactions of the colon-aerogenes group 
on pinitol, primulitol and hydroxypyruvic aldehyde are so varied 
that more complete studies are necessary to determine their 
taxonomic value. 
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The value of research in the field of bacterial oxidations and 
reductions is obvious when the results which have accumulated on 
this subject in recent years are reviewed. The significance of 
such phenomena has been established on a sound basis only 
recently. Although the methods applied to the quantitative 
study of the oxidation-reduction potentials of biological systems 
are still subject to certain errors, it can hardly be denied that the 
serious pursuit of the many “unknown quantities” existent in 
this field may lead to valuable practical developments in medicine 
and the industries, and, perhaps more important, to a more 
complete comprehension of fundamental aspects of biological 
processes. 

The observations to be reported here cover one aspect of a 
rather intensive study of the electrode potentials of anaerobic 
cultures of various bacteria. Evidence will be presented that 
cultures of certain species of the spore-forming anaerobic group 
exhibit rather marked and constant differences in O/R potential, 
with respect to both maximum reduction intensity and trend of 
potential drift. Moreover, it appears that not only species dif- 
ferences exist, but that strains within a species exhibit a certain 
degree of individuality. 


1 This paper represents a part of the dissertation presented to the Graduate 
School of Yale University in partial fulfilment of the requirements for the degree 
of Doctor of Philosophy. The cost of the original equipment used in this work 
was met by a grant from the Fluid Research Fund of the Yale University School 
of Medicine. 
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Potter (1911) appears to have been the first to report changes 
in the electromotive character of a medium in which bacteria 
were growing. He attributed the potential difference observed 
between an uninoculated (sterile) and an inoculated medium, 
both of the same original composition, to the bacterial decom- 
position which resulted in the latter. He associated this effect 
with the similar phenomenon which occurs in sugar solutions 
subjected to the action of enzymes or to acid hydrolysis. 

That certain groups of bacteria may be characterized by 
definite reduction potentials exhibited in their cultures was first 
suggested by the work of Gillespie (1920). Having observed the 
markedly different final reduction potentials which develop in 
cultures of strict aerobes, as contrasted with those of facultative 
anaerobes or of mixed cultures presumably containing strict 
anaerobes, he hazarded the opinion that these differences may 
apply generally to the two distinct groups of bacteria, aerobes 
and anaerobes. 

Cannan, Cohen and Clark (1926) offered an explanation for 
the potential differences observed in cultures of different bacteria 
which was based on differences in metabolic activity. This 
theory is supported by the results of subsequent investigations 
in this field. 

Hewitt (1930, 1931, and 1933) succeeded in differentiating 
certain types of bacterial species by means of potentiometric 
technique. ‘The characteristic potentials of certain of the species 
studied were attributed to the ability or inability of the organism 
to form peroxide. 

In 1934 Sagen, Riker and Baldwin correlated the oxidation- 
reduction potentials of cultures of two plant pathogens, Phyto- 
monas tumefaciens and Phytomonas rhizogenes, and Achromobacter 
radiobacter, with certain physiological characteristics which these 
organisms exhibit. The two Phytomonas species showed a tend- 
ency to establish potentials at different levels of intensity. 
This appears to be the first report indicating differentiation of 
closely related species by this method. It should be observed, 
however, that the differences in H-ion concentration recorded by 
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them appear to have been sufficiently large to have influenced 
the results decidedly.’ 

The observations of Tuttle and Huddleson (1934) on differen- 
tiation of Brucella species seem to be associated with bacteriostasis 
and are, therefore, probably not significant as a demonstration 
of the differential value of final reduction potentials. 

It was shown quite recently (1935 and 1936) by Burrows and 
Jordan that species of the Salmonella group exhibit very distinct 
differences in final reduction potential. 

The results of experiments conducted by us (1936) do not 
agree with those of Plotz and Geloso (1930) with respect to the 
negative potential limits established in cultures of various species 
of Clostridium. These investigators reported that all of the 
spore-forming anaerobic species studied by them reached and 
maintained very nearly the same degree of reducing intensity. 
Their observations were made on cultures held in vacuo. We 
have found appreciable differences in the final reduction potentials 
established by several species in this genus. Dissimilarity in 
technique may, perhaps, explain the lack of agreement. 

APPARATUS AND TECHNIQUE 

Considerable time and effort were devoted to the development 
of the apparatus and methods to a point where they could be 
applied successfully to the study of electrode potentials of bac- 
terial cultures under strictly controlled conditions. With the 
exception of the units of electrical equipment, the apparatus was 
constructed in this laboratory, using materials assembled from 
various sources. The final outfit proved to be admirably adapted 
for the study of a wide variety of problems in the field of bacterial 
oxidation-reduction.* 

The gas-purifying and distributing device was modeled after 

2 Evidence is to be presented in a subsequent publication that changes in H-ion 
concentration which occur in bacterial cultures affect the reduction potentials to 
a very appreciable extent. 

* A full description of this apparatus and the technique employed in this series 


of investigations will be found in the Ph.D. dissertation of the senior author in the 
Sterling Library of Yale University. 
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the one described by Knight (1930 and 1931), but with certain 
minor alterations and additions. All connections between the 
different elements of the entire gas system were made with heavy- 
walled pressure tubing, which was lubricated with ‘“Cello-Seal’’ 
and liberally covered with paraffin. The connections were prac- 
tically ‘glass to glass.”” At points where a limited flexibility was 
desired, the rubber tubing was covered with gold size and then 
well coated with “Cello-Seal.” 

The electrode-culture vessels used in these studies were essen- 
tially the same as the type described by Clark and Cohen (1923, 
1 and 2), Knight (1930 and 1931) and others. Large hard-glass 
test tubes about 13” in diameter and 63” in length were employed 
for this purpose. Each vessel was fitted with a No. 8 rubber 
stopper which supported duplicate electrodes, a KCl-agar bridge, 
gas inlet and exit tubes, and a sampling tube. A battery of 
eight vessels (Hewitt, 1933) was used in each experiment. The 
vessels were incubated in an ordinary bacteriological incubator 
at 37°C. 

Anaerobic conditions were established by flushing the vessels 
thoroughly with tank nitrogen which was purified by passage over 
heated reduced copper. Except in the earlier work, the passage 
of purified nitrogen was maintained throughout the experiment, 
to insure a positive pressure within the system and thus minimize 
the possibility of leakage of air into the culture vessel. Leakage 
was encountered very infrequently. The continued passage of 
gas had the added advantage of preventing the accumulation of 
metabolic gases in the cultures and vessels. The influence of 
certain of the gases arising from this source upon the potentials 
will be discussed later. 

In certain instances it was found desirable to mix limited 
quantities of CO, with the purified nitrogen before distribution 
to the vessels, because of the stimulatory effect of this gas upon 
the development of some types of bacteria. In some of the in- 
vestigations it was necessary to establish and maintain definite 
potential levels in the culture media. This was done (Knight, 
1930 and 1931) by passing definite mixtures of purified and 
impure nitrogen through the cultures. 

The vessels were constructed to facilitate sampling, which was 
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accomplished by means of a Pasteur pipette inserted into the 
vessel through a short section of glass tubing of small bore; the 
tubing passed through the vessel stopper and was fitted with a 
tight rubber cap. During the sampling process the cap was 
removed, allowing the gas passing through the vessel to escape 
while the specimen was being taken. Thus, no air was admitted 
into the vessel to disturb equilibrium. This same technique was 
occasionally used for introducing inoculum or various reagents 
into a de-aerated medium or culture. 

Duplicate electrodes of platinum wire bent into spiral form were 
used in each vessel, except in certain instances when one of the 
oxidation-reduction electrodes was replaced by a specially pre- 
pared glass electrode, in order that pH changes might be observed 
more frequently and with less effort than could be done by 
sampling. The electrodes were prepared in such a way that not 
less than 2 cm. of 22 gauge platinum wire was exposed to the 
medium or culture. They were cleaned as recommended by 
Hewitt (1933), and were kept in distilled water when not in use. 
When these precautions are neglected the electrodes do not 
behave satisfactorily. Duplicate electrodes frequently agreed 
exactly. They rarely varied more than 2 or 3 mv. 

In more recent studies of the sporulating anaerobes and other 
types of bacteria carried out in this laboratory, the potentials 
registered by both platinum and gold-plated platinum electrodes 
have been recorded. The potential values with the two types of 
electrodes were usually found to run closely parallel courses 
(0.002 to 0.010 volts being the limits of variation commonly 
observed). The gold-plated electrodes were usually negative 
with respect to the platinum electrodes. The potentials at the 
two electrodes approached each other more closely as de-aeration 
(removal of atmospheric oxygen and metabolic gaseous elements) 
progressed. 

For the potentiometric determinations, the circuit developed 
by DuBois‘ (1930) for use with the glass electrode was adopted. 
The calibrated potentiometer was the Leeds and Northrup 

* We are indebted to Mr. DuBois, not only for very valuable advice and assist- 


ance in the construction and use of the potentiometer, but also for instruction 
in the preparation of the glass electrode. 











610 R. W. H. GILLESPIE AND LEO F. RETTGER 


Hydrogen-ion type. The galvanometer was a Leeds and North- 
rup cabinet type, with galvanometer (1000 ohm resistence), 
reflector and scale complete in one unit. It was sufficiently 
sensitive to permit readings to within less than 1 mv. The 3.5 
n calomel half-cell, as recommended by Hewitt (1933), was used 
as the working standard. It was occasionally checked against 
0.1 N, 3.5 N, and saturated calomel half-cells. The potentio- 
metric apparatus proved to be very satisfactory and reliable, 
not only in the determination of oxidation-reduction potentials, 
but also in the accurate observation of the H-ion concentration 
with the glass electrode. 

The following is a brief summary of the procedure followed in 
setting up an experiment. The bridges, with the tips drawn to 
capillaries, were filled and the tips sealed. Following the cleaning 
of the electrodes, the electrodes, bridges, gas connections, etc., 
were fitted into the vessel stoppers and the assembled stoppers 
and parts sterilized in the autoclave, with the platinum electrodes 
immersed in distilled water. The culture medium was placed 
in the electrode vessels, which were then cotton-stoppered and 
autoclaved. 75 cc. of medium were filled into each vessel. (The 
composition of the medium is given on graphs used to illustrate 
the results of the various experiments.) After sterilization, the 
medium in the vessels was cooled rapidly and inoculated. The 
vessels were assembled by transferring the stoppers bearing the 
electrodes, bridges, etc., to the culture vessels, with aseptic 
precautions. The stoppers were carefully sealed into place with 
gold size, and the vessels set up in the incubator. Gas connec- 
tions were made with each vessel, the electrical connections were 
completed, and controlled de-aeration was begun immediately. 
The frequency with which readings were recorded depended 
somewhat upon the rapidity of potential change anticipated. 
Efforts were made to follow all significant changes. Occasionally, 
however, such changes escaped notice, because, as Hewitt also 
pointed out, even a scientific investigator requires sleep. 


EXPERIMENTAL 


The following isolated experiments are selected to illustrate 
most clearly the aspects of bacterial oxidation-reduction poten- 
tials which form the subject of this report. 
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Experiment 2: 


The most apparent observation made in this experiment, one 
which is readily reproducible, is that Clostridium tetani appears 
to produce and maintain a more intense final reduction potential 
than does Clostridium botulinum, and this in spite of the fact 
that cultures of C. botulinum grow more profusely and exhibit 
considerably more reducing capacity® than do cultures of C. tetani. 

The conditions under which Experiment 23 was carried out are 
indicated in graph 1. Four cultures of a single strain of each of 
the two species, C. botulinum and C. tetani, were studied under 
very carefully controlled conditions with regard to the gaseous 
environment to which the cultures were exposed. The inoculum 
used in each case was 0.5 cc. of supernatant fluid from 48-hour 
egg-meat cultures. 

The results are shown in graph 1. The potential differences 
which were established between the cultures of the two species 
are quite distinct. The experiment was not terminated after 
4 days, as the graph indicates. Two cultures of each species 
were kept under strict anaerobic conditions until the end of the 
seventh day. At that time the potentials were still at the same 
levels, Eh —0.30 and —0.35 v. for C. botulinum and C. tetani, 
respectively. This difference in potential between these species 
was observed in 5 other similar experiments, one of which, 
Experiment 26, is described in detail here. Altogether, eight 
strains of C. botulinum and five of C. tetani were studied. 


Experiment 26 


This was planned primarily to corroborate, if possible, previous 
observations which indicated that the two species, C. botulinum 
and C. tetani, possess the property of establishing reduction 
potentials (under practically identical cultural conditions) which 
are significantly different; in other words, that the two species 
establish stable potentials which have differential value. Every 
effort was made to control experimental conditions, especially 
with respect to (1) supplying anaerobic conditions of a high degree 

5 When “‘aerated’’ with impure nitrogen, or richer oxygen-nitrogen mixtures, 


cultures of C. botulinum exhibited much more stability of potential than did 
cultures of C. tetani. This is illustrated in graph 2 
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throughout the experiment, (2) elimination of “hydrogen elec- 
trode effect’’ by continual passage of liberal amounts of purified 
nitrogen through the vessels, and (3) control of hydrogen-ion 
concentration by means of buffers. The essential data pertaining 
to the conditions under which the study was carried out are shown 
on graph 3. 

The potential characteristic of the two species were reached 
early and remained stable until the experiment was terminated. 
The culture of C. botulinum in vessel +2 was not buffered. It 
was included in order to determine the relationship between O/R 
potentials and the pH changes recorded by a glass electrode 
immersed in the culture. This problem is to be made the subject 
of a subsequent report. However, the effect of the accumulation 
(theoretical) of metabolic carbon dioxide upon the Eh and pH of 
culture +2, which occurred when de-aeration was interrupted, 
and the effect of the subsequent removal of the carbon dioxide, 
are of interest. 

The possibility that differences in pH may be wholly respon- 
sible for the final potential levels must be taken into account. 
The following figures are pertinent. Minor differences in reaction 
did develop in the cultures of the two species. The three buffered 
C. botulinum cultures had final reactions of pH 7.73, 7.73, and 
7.67. The four cultures of C. tetani, similarly buffered, ranged 
from 7.82 to 7.83. However, to explain the difference in potential 
between the two species on the grounds of this difference in 
hydrogen-ion concentration would make it necessary that the 
ratio Eh:pH be of the order of about 0.28:1.00. This ‘‘slope’’ 
is considerably greater than what may be expected (see Clark 
and Cohen, 1923, 1, and Knight, 1930, 1). 

DISCUSSION 

The mechanisms which account for the potential changes in 
bacterial cultures are still imperfectly understood, largely, per- 
haps, because of our limited knowledge regarding the chemical 
constituents of the media used in bacteriology. In a sterile 
medium “in equilibrium” with its environment, the chemical 
mosaic would be reasonably well fixed. On the other hand, this 
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mosaic would be kaleidoscopic during active bacterial growth. 
This simile may actually apply, since Cannan, Cohen and Clark 
(1926) conceive of the system present in culture media as con- 
sisting of a large electromotively inactive reserve, of which a 
limited part is progressively rendered electromotively active, by 
bacterial catalysis, in sufficient quantity to supply the energy and 
the cell-building requirements of the growing culture. This 
theory seems to be in accord with the observations recorded in 
the literature on bacterial O/R potentials. Since different bac- 
teria are known to differ markedly in the intensity and extent 
to which they reduce various substrates, one is led to inquire into 
the possible existence of such differences between closely related 
bacterial species, and into the mechanisms of regulation and 
limitation of bacterial reduction. 

In a few instances potential differences between widely different 
types of bacteria have been definitely correlated with distinct 
differences in metabolic activity. It is, therefore, conceivable 
that closely related species may possess individual potential 
characteristics. The observations reported here support such 
an assumption. 

Preliminary studies by us with a number of other Clostridium 
species indicate definitely that C. botulinum and C. tetani are not 
unique in the possession of distinct and individual reducing 
properties. 

Furthermore, evidence has been obtained by us (subsequent 
publication) of the occurrence of distinctly different potentials 
between species or types of (1) lactobacilli (Gillespie and Rettger, 
1936, abstr.), (2) non-spore-forming obligate anaerobes of the 
Fusobacterium’ genus, and (3) members of the genus Aerobacillus 
(Gillespie and Porter, 1937, abstr.). The work of Sagen, Riker 
and Baldwin (1934) and Burrows and Jordan (1935 and 1936) 
may also be cited as further evidence. 

This manner of reasoning may be extended also to include 
strains within a given species, since strains have been known to 


* Experiments with fusobacteria were carried out in coéperation with Dr. 
Earle H. Spaulding. 
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possess individual traits. However, we may be safe in assuming 
that strain differences rarely, if ever, result in the development 
of final potential differences of any great magnitude. Further- 
more, traits characteristic of individual strains are often con- 
sidered to be of a variable nature. 

We can only attempt to explain the discrepancy between the 
results obtained by us with the spore-forming anaerobic group, 
and those reported by Plotz and Geloso (1930), on the basis that 
the experimental conditions used in the two laboratories were 
different. Plotz and Geloso held their cultures in vacuo. One 
result of their method may have been effective elimination of 
gaseous metabolites. Although the conditions under which our 
studies were made would also tend to eliminate gases resulting 
from metabolism, the possibility remains that such products may 
have influenced the results. Considerable evidence has ac- 
cumulated that certain of the gases liberated during bacterial 
activity do, through one mechanism or another, affect the poten- 
tials of metallic electrodes employed to record O/R conditions 
(Lepper and Martin, 1930 and 1931, Boyd and Reed, 1931, 
and others). 

It is interesting to contrast the effects of capacity and intensity, 
as featured in the reductions which occur in cultures of C. tetani 
and C. botulinum (see graph 2); the effects are diametrically 
opposed. C. tetani cultures exhibit higher reduction intensity 
and much lower capacity than do C. botulinum cultures. Thus, 
the possibility of attributing the potential difference which 
separates these two cultures to the effect of capacity of the 
medium is eliminated. 

Various attempts have been made to relate the extremely 
negative potentials which are temporarily exhibited in cultures 
of certain bacteria, notably those which form hydrogen, to the 
influence of this gas upon the electrode. Cannan, Cohen and 
Clark (1926) offer the logical suggestion that one would expect 
hydrogen to be liberated only at potentials of hydrogen over- 
voltage. Lepper and Martin (1930 and 1931) offer a theory to 
explain the phenomenon of hydrogen overvoltage, namely, that 











618 R. W. H. GILLESPIE AND LEO F. RETTGER 


supersaturation of the substrate with hydrogen may occur because 
of the conditions under which the gas is liberated. 

We have found that effects which may be attributed to meta- 
bolic hydrogen can be eliminated by continual passage of purified 
nitrogen through the culture. In this way the extreme negative 
potential ‘‘peak,”’ of short duration, which occurs in cultures not 
subjected to continual de-aeration may be eliminated; the poten- 
tials become stabilized at an early stage of development and 
remain at a constant level. 

It would hardly be safe to assume that any single phase of 
physiological activity can be completely responsible for all peculi- 
arities of potential which may be observed during the most active 
period of growth of bacterial cultures. In fact, the evidence 
points to the contrary. For instance, the most pronounced and 
rapid changes in hydrogen-ion concentration usually occur at this 
stage of development of the culture. Certain potential fluctua- 
tions can be attributed to the influence of such pH changes 
(Gillespie and Rettger, 1936, abstr.). Moreover, it is in this 
period that chemical conditions are in a most unstable state. 
The nature of the metabolites, the interrelationship between 
metabolic reactions, the speed with which they progress, and the 
rapidity with which the electrodes reach stability must all 
receive consideration. 

It becomes apparent that any attempt to analyze the picture 
presented by the potential-time history of bacterial cultures must 
be undertaken with painstaking consideration of the many vari- 
ables which may affect results. Certain of these variables, such 
as control of H-ion concentration and the elimination of the 
influence of atmospheric oxygen, can be effectively regulated. 
Others, still more intimately connected with the manner in which 
an organism reacts to its environment, have yet to be deter- 
mined. One element of confusion in such studies is associated 
with the fact that the various physiological and chemical changes 
which occur as the result of bacterial activity reach equilibrium 
only after an ill-defined period, and that protoplasmic adapt- 
ability allows for considerable flexibility in the interrelationship 
between various physiological processes. 
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CONCLUSIONS 


Evidence has been presented that Clostridium botulinum and 
Clostridium tetani establish final potentials (in about 2 or 3 days 
at 37°C.) at significantly different levels of reducing intensity, 
levels which may be considered as characteristic of the species. 
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INTRODUCTION 


Few attempts have been made to compare O/R potentials 
exhibited by closely related bacterial species. The observations of 
Sagen, Riker, and Baldwin (1934) and Burrows and Jordan (1935 
and 1936) are cited in the first paper in this series. We were 
successful (Gillespie and Rettger, 1938) in distinguishing some 
of the well-known spore-forming anaerobes from each other on 
the basis of stable reduction potentials of different intensity. 
The earlier results of our studies with respect to definite O/R 
potentials characteristic of species within the Clostridium and 
Lactobacillus genera were reported in the doctorate dissertation 
(1935) of the senior author. Evidence of the ability of species 
within other genera, namely Aerobacter and Fusobacterium, to 
establish potentials of decidedly different intensity has also been 
obtained in this laboratory (Gillespie and Porter, 1937, abstr. and 
Gillespie and Spaulding, unpublished data). 

It is the purpose of this paper to present data which strongly 
indicate that certain lactobacilli exhibit stable reduction poten- 
tials which differ strikingly in degree of intensity. In our 
estimation, these potential differences may have species dif- 
ferentiation significance. 


APPARATUS AND METHODS 


Apparatus and technique were devised which enabled us to 
study O/R potentials and related phenomena in bacterial cultures 


1 The cost of the original equipment used in this work was met by a grant 
from the Fluid Research Fund of the Yale University School of Medicine. 
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under conditions which can be strictly controlled.? Potentials 
were determined by means of the circuit devised by DuBois 
(1930). The electrodes were of coiled platinum wire.? The 
cultures were grown in electrode vessels within which strict 
anaerobic conditions were established and maintained by con- 
tinuous flow of purified nitrogen. Small volumes (0.5 to 1.0 per 
cent) of carbon dioxide were mixed with the nitrogen. Changes 
in potential which occurred in the deaerated cultures were fol- 
lowed by readings made at frequent intervals. Changes in H-ion 
concentration were either sufficiently suppressed, for all practical 
purposes, by means of buffers, or closely and accurately followed 
by means of glass electrodes. Sterile medium controls were in- 
cluded in the experiments, in order to determine the characteristic 
potentials of the various media employed. 

Two types of media were used in these experiments. The first, 
a broth containing tomato juice (Rettger, Levy, Weinstein and 
Weiss, 1935) is particularly well adapted for culturing Lacto- 
bacillus acidophilus and related species. This medium could not, 
however, be effectively buffered when used for this purpose. 
Therefore, a second, highly buffered, medium was developed for 
use in determination of the characteristic potentials of the lacto- 
bacilli at relatively constant pH. The effect of changes in H-ion 
concentration upon the reduction potentials of these highly fer- 
mentative organisms and other types of bacteria is the subject 
of another report (Gillespie, unpublished data). 


EXPERIMENTAL 


The experiments presented here are representative of many in 
which practically identical results were obtained. 


Experiment 30 


The composition of the medium used for culturing lactobacilli 
in this experiment was as follows: (See next page) 


? The apparatus and methods are described in full in the senior author’s Ph.D. 
dissertation deposited in the Sterling Library of Yale University. 

*Comparison was made later between platinum and gold-plated platinum 
electrodes. The differences in potential recorded with the two types of electrode 
were not of such a magnitude as to affect appreciably the results reported here. 
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Tomato juice 2 per cent 
Peptonized milk per cent 
Yeast extract 5 per cent 
Peptone ).5 per cent 
Initial pH (after sterilization) ] 


The following organisms were employed: Strains L and R 
typical oral lactobacilli; B-16—Lactobacillus bulgaricus; M-3 
isolated from the human vagina and classed as Lactobacillus 
doederlein; MI—a strain of unknown origin, but from all in- 
dications not an oral type. 

Practically all of the strains used in this work had been sub- 
jected to exhaustive taxonomic study in this laboratory. 


The culture vessels, each containing 75 cc. of medium,‘ were 
inoculated from three-day-old tomato broth cultures: 1 cc. was 
used as inoculum for the buccal strains, and 5 ce. for the others. 

The electrode vessels were assembled, sealed with gold size and 
placed in an incubator at 37°C., where gas and electrical con- 
nections were completed. Sterile glass electrodes were intro- 
duced, with aseptic precautions, into electrode-culture vessels + 1 
and #2. The cultures were rapidly and thoroughly deaerated 
with purified nitrogen. Oxidation-reduction potentials (and glass 
electrode potentials in cultures +1 and +2) were determined 
with sufficient frequency to detect significant changes. 

The results of Experiment 30 are illustrated on graph 1. In 
spite of the very obvious influence of changes in H-ion concen- 
tration (increase in H-ion concentration causes the potentials to 
shift to levels of lower apparent intensity), maximum reduction 
potentials were established which distinguish the two strains of 
oral origin from the other three strains by a wide margin. 

H-ion concentration changes in the two cultures of oral lacto- 
bacilli were followed at frequent intervals by means of the glass 
electrodes inserted and sealed into the vessels. In table 1 are 
listed the progressive changes in Eh and pH which were recorded 
in these two cultures (+1 and +2). The correlation between 


4 Media used in all O/R studies were prepared and autoclaved immediately 
before the experiments were set up. This practice was followed in order that the 
medium might be exposed to the oxidizing influence of air for as short a period 
as possible. 
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the changes in pH and the simultaneous O/R potential trends 
is obvious. 

No pH determinations were made on the cultures of the M/, 
M83 and B-16 strains before the end of the experiments. We 
feel certain, however, that the gradual and continual potential 
trend in these cultures toward an apparently more highly oxidized 


TABLE 1 
Experiment 30. Eh and pH changes recorded in cultures #1 and #2 
/ ] g 
(oral lactobacilli) 


CULTURE #1 CULTURE #2 

HOURS 
Eh pH Eh pH 
0 035 7.03 026 7.06 
1 OOS 7.05 063 7.07 
2.5 113 7.07 111 7.10 
3.75 180 7.04 176 7.09 
4.75 213 7.00 216 7.07 
5.5 221 6.93 225 7.02 
6.25 6.73 6.81 
6.5 6.49 6.62 
7.25 192 6.28 167 6.45 
8.25 182 5.97 191 6.27 
10.5 128 4.87 160 5.34 
12.5 106 4.44 118 4.55 
14.5 103 4.26 106 4.22 
17.5 096 4.13 099 4.06 
21 091 4.04 (92 3.94 
26.5 O89 3.93 094 3.89 
31.5 093 3.91 101 3.86 
46.5 108 3.94 102 3.89 
71 096 3.94 075 3.87 


For the sake of brevity not all readings are listed. Sufficient data are tabu- 
lated to demonstrate the marked changes and the definite relationship. 


state can be definitely attributed (as was previously determined) 
to continued fallin pH. In other words, our experience indicates 
very definitely that the corresponding Eh and pH changes in 
cultures of L. acidophilus, L. doederlein and L. bulgaricus (cultures 
#3, 4 and 5) would be of the same order. The reactions of the 
cultures when the experiment was terminated (at 72 hours) were 
as follows: pH 3.94 and 3.90 for the two oral strains, and pH 4.37, 
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4.54 and 4.39 for strains MJ, M3 and B-16, respectively. Had 
the H-ion concentration been the same in all five cultures during 
the experiment the differences in potential between the two types 
would have been still greater. This statement is supported by 
the results of Experiment +29 (below) and other experiments, 
not reported here. A more comprehensive discussion of the 
Eh:pH relationship in bacterial cultures will be presented in a 
future publication. 
Experiment 29 

In order to demonstrate the characteristic potentials of the two 
types of lactobacilli still more clearly, potentiometric studies 
were made, using a highly buffered culture medium. Under these 
conditions the influence of pH change was largely eliminated, and 
stable reduction potentials at two widely separated levels were 
established. The composition of the medium is given on graph 
2. The initial reaction was pH 7.1. 

The seven strains studied include four of oral origin (typical 
mouth strains), CF, L, R, and S, and three typical L. acidophilus 
(intestinal) strains, Bl, Gr, and Hi. The potential changes which 
occurred in the sterile medium control were also determined. 

The electrode-culture vessels were inoculated from 1-day-old 
tomato broth cultures: 1.5 ec. of inoculum was used for the oral 
strains, and 7.0 cc. for the strains of L. acidophilus. 

The vessels were set up, sealed and placed in the incubator, as 
described in Experiment 30 (above). The results are shown 
on graph 2. 

The four Lactobacillus strains of oral origin established maxi- 
mum reduction potentials of decidedly greater intensity than did 
the three Lactobacillus acidophilus strains. The difference in 
potential levels exhibited by these two types was 0.10 and 0.11 v. 
or more. This difference became apparent early in the experi- 
ment and was maintained until its termination. Only minor 
differences in potential developed between the strains within each 
group. These minor degrees of reducing intensity may be indic- 
ative of strain characteristics. 

The fall in pH which occurred in the seven cultures in the 
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buffered medium, during the 44-day period covered by the 
experiment, ranged from 0.4 to 0.65 unit. Although the changes 
in reaction were sufficient to have significant influence upon the 
O/R potentials, it appears from a comparison of graphs 1 and 2 
that the effect was of decidedly reduced magnitude in the latter 
instance. 

Results similar to those just described have been obtained 
repeatedly. Lactobacilli of known oral origin, or exhibiting the 
characteristics of the oral type, were found invariably to possess 
highly active reducing tendencies, as compared to strains of 
intestinal origin and similar types, including Lactobacillus aci- 
dophilus, Lactobacillus bulgaricus, Lactobacillus bifidus, and 
Doederlein's bacillus. 

The potentiometric experiments were supplemented by studies 
in which a colorimetric technique was employed for the deter- 
mination of reduction intensity. When the colorimetric method 
was used the lactobacilli of the intestinal type sometimes showed 
a mild tendency to produce a reduced state of intensity greater 
than that acquired by the anaerobic sterile medium. With 
respect to the degree of rapidity and intensity of reducing activity, 
however, the intestinal type lactobacilli never approached the 
oral type. A total of 74 Lactobacillus strains was studied. 


DISCUSSION 


The theory that bacterial O/R potentials are influenced, if not 
determined, by changes in the chemical complexity of the culture 
medium which are brought about through bacterial metabolism 
is not generally accepted. It seems that this theory should, in 
the case of the lactobacilli, account for the striking differences in 
reduction intensity which, according to our observations, are 
characteristic of types or species. Consideration of the known 
facts regarding the purely qualitative aspects of the metabolism 
of the oral and intestinal types of lactobacilli leads one to con- 
clude that there is no correlation between characteristic potentials 
and metabolism. 

Strains of the oral type appear to be much more active than 
those of the intestinal type, with respect to both rapidity and 
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intensity of growth. The difference is indicated by earlier and 
more marked development of turbidity, greater rapidity in prog- 
ress of fermentation and earlier development of highly reduced 
conditions in cultures of the oral type. It appears, therefore, 
that there may be a correlation between the intensity of bacterial 
activity (that is, the quantitative aspect of metabolism) and the 
O/R potentials in the case of the lactobacilli. Certain of our 
potential studies tend to support this theory; on the other hand, 
other evidence which has accumulated seems to be contradictory. 

A limited amount of work was done in attempting to answer 
this question. Among our cultures were two strains which ap- 
proached the oral type in rapidity and intensity of growth, 
fermentative activity, etc.; yet their potentials were of the same 
magnitude as those established by typical L. acidophilus. As- 
suming that the media used for culturing these organisms may 
have sufficient capacity to limit the bacterial reducing activity, 
particularly when the bacterial activity is relatively mild, as is 
the case with the intestinal type, we have attempted to reduce 
the capacity factor by reducing the concentration of the various 
ingredients of a favorable medium. The results were equivocal. 
Attempts to bring the hypothetical poising system or systems to 
a delicate balance by titration with reductants likewise failed, 
partly due to technical difficulties. Determination of pH changes 
and rough estimation of changes in turbidity were the only 
measurements of metabolism which were applied in these studies. 
A more thorough study of physical and chemical changes in the 
cultures, in conjunction with potential readings, might indicate 
what phase of metabolism determines the potential difference 
which we have observed between lactobacillus types. 

Ordinarily (except as mentioned above) the intestinal lacto- 
bacilli showed no tendency to carry the potential below the level 
that characterizes the sterile medium. In such instances, effects 
due to bacterial oxido-reductive activity and those due to 
autoxido-reductive effects inherent in the medium cannot be 
distinguished. Certain observations made in connection with 
this phenomenon suggest the existence of a certain amount of 
poising capacity in the medium (Gillespie, 1936, abstr.). The 
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theoretical, or perhaps more exactly, hypothetical, effect of 
capacity appears to be most active at the potential level char- 
acteristic of the sterile medium. In fact, if such an influence 
actually exists, it perhaps determines the potential of the sterile 
medium under anaerobic conditions. This aspect of the work 
constitutes a problem in itself, and is by no means definitely 
settled. 

With regard to the intensity of the reducing activity of L. 
acidophilus, our results differ from those reported by Longsworth 
and MacInnes (1936). Two possible explanations may be offered 
for the lack of agreement. First, no generally accepted methods 
have, at least until quite recently, been forth-coming for clas- 
sification of the lactobacilli, in-so-far as differentiation of oral, 
intestinal, and other closely related types and species is concerned. 
Second, the conditions under which the experiments were carried 
out in the two laboratories were very different, particularly with 
regard to composition of media and cultural conditions. The 
medium used by Longsworth and MacInnes would, we believe, 
support a much more luxuriant growth of L. acidophilus than 
our own, the sugar content of which was intentionally reduced 
to a minumum in order to avoid increase in H-ion concentration 
of any great magnitude. The discrepancy in final reduction 
potential is, therefore, conceivably associated with failure of 
L. acidophilus cultures in the experiments described above to 
overcome the poising capacity of the medium. However, we 
consider the problem unsettled. 

CONCLUSIONS 

Experimental evidence presented in this paper indicates that 
lactobacilli of oral origin can be differentiated sharply from 
Lactobacillus acidophilus and closely allied species upon the basis 
of intensity of reducing activity. Oral lactobacilli were found 
to establish much more intense reduction potentials than Lacto- 
bacillus acidophilus, Lactobacillus bulgaricus, Lactobacillus bifidus 
and Doederlein’s bacillus. The characteristic potentials of the 
two types differed by as much as from 0.10 to 0.11 volts. It 
appears that a correlation may exist between the O/R potential 
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of these two groups and the degree of intensity of their metabolic 

activity. 
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INTRODUCTION 


In other papers from this laboratory three instances are re- 
ported of marked differences observed in the oxidation-reduction 
potentials of closely related species or types of bacteria in widely 
different genera. Differential levels were determined for Clos- 
tridium botulinum and Clostridium tetani (Gillespie and Rettger, 
1938 (1)), for lactobacilli of oral and intestinal origin (Gillespie 
and Rettger, 1938 (2)), and for different types of fusobacteria 
(Gillespie and Spaulding, unpublished). The present paper 
marks the fourth successful attempt in the laboratory to demon- 
strate final reduction potentials of widely different magnitude of 
intensity in closely allied bacterial species. It deals with the 
O/R potentials of two species of the Aerobacillus genus, namely 
Aerobacillus polymyza and Aerobacillus macerans. 

The results of these observations add further evidence that 
differences of potential between closely related types and species 
may be regarded as significant, from the standpoint of bacterial 
classification. 

A review of the literature appears in the first publication of 


1 The genus Aerobacillus was created in 1926 by Donker, to include all sporu- 
lating, facultative anaerobic bacteria which produce catalase and are able to 
produce acid and gas from various carbohydrates. Five species were recognized 
by Donker. 

? The cost of the original equipment used in this work was met by a grant 
from the Fluid Research Fund of the Yale University School of Medicine. 
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this series. It reveals very few comparative oxidation-reduction 
studies on closely related species within given genera. 


METHODS 


The apparatus and methods used to carry out these studies 
are described elsewhere in some detail.* Platinum and gold- 
plated platinum electrodes, in conjunction with a vacuum tube 
potentiometer circuit, were used for the determination of poten- 
tials. The cultures were grown in electrode vessels, within which 
strict anaerobic conditions were established and maintained by 
continuous flow of purified nitrogen. 

The composition of the medium is given on the graph. It 
was such as to support rapid and prolific growth of the aerobacilli. 
It was effectively buffered. Changes in reaction in cultures over 
4 to 5-day periods did not exceed 0.1 unit pH. The potential 
drift which occurred in the de-aerated cultures was followed until 
relatively stable levels were reached, and thereafter for several 
days. These stable levels of potential should, we believe, have 
differential significance. 


EXPERIMENTAL 


The genus Aerobacillus has been reported (Porter, McCleskey 
and Levine, 1935, 1937) to be rather sharply divided into two 
definite species, Aerobacillus polymyxa and Aerobacillus macerans, 
on the basis of certain cultural, biochemical and serological 
characteristics. The species are defined chiefly, first, on the 
basis of growth temperature limits; second, on ability to ferment 
rhamnose and sorbitol, with acid and gas production; third, on 
the production of acetyl-methyl-carbinol; and fourth, on the 
basis of agglutinative antigen components. The striking physio- 
logical differences suggested a study of oxidation-reduction poten- 
tials of representative strains of the two species. 

Graph 1 illustrates the very close correlation which was found 
to exist between the groups as established by Porter, McClesky 
and Levine, and the one arrived at in the potentiometric siudies. 


* Senior author’s Ph.D. dissertation on file in the Sterling Library, Yale Uni- 
versity. For brief description see first paper in this series, this Journal, 1938. 
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Potential-time curves of anaerobic cultures of seven strains of 
aerobacilli are shown. The experiment was repeated under prac- 
tically identical conditions, with the same results. In all, six 
strains of “‘macerans’’ and eight of ‘‘polymyza’’ were studied. All 
of the six strains of the “‘macerans’”’ species employed showed a 
marked difference in final reduction potential from the eight 
“nolymyzxa”’ strains—a difference of at least 60 to 70 millivolts. 
Here again, strains within a given species or group were found to 
show only slight variations, as compared with the strains in the 
two different species or groups. 


DISCUSSION 


There is now a general tendency to accept the theory that the 
potentials which develop in bacterial cultures are influenced, not 
to say established, by the definite type of metabolic activity of 
the bacteria concerned. While this theory seems to be reasonably 
well founded, attempts to correlate potentials with the existence 
of specific reversible O/R systems in the substrate have been, as 
a rule, not more than suggestive, at best. The work reported 
here points to interesting possibilities. The probability of a 
direct correlation between the growth temperature limits of these 
two groups, or between their ability to ferment rhamnose and 
sorbitol, on the one hand, and the characteristic potentials which 
they exhibit on the other, appears to be definitely excluded. The 
potential studies were carried out at 37°C., with neither rhamnose 
nor sorbitol present in the culture medium. 

Burrows and Jordan (1936) offered the hypothesis that a cor- 
relation may exist between reduction potentials and antigenic 
structure of organisms. This, of course, necessitates consid- 
eration of antigen synthesis through metabolism. The potentials 
of several strains of the serologically heterogeneous polymyxa 
group (eight strains were studied) do not support this hypothesis. 
It would be surprising if such an hypothesis were universally 
applicable, considering the probable complexity of the conversion, 
extracellular and intracellular, of nutrient constituents of a 
medium into bacterial antigens. The fourth possibility indicated 
by the known facts in the case of the aerobacilli is that carbo- 
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hydrate metabolism may be involved. That is, the two species 
of Aerobacillus appear to attack glucose differently, as is indicated 
by the Voges-Proskauer reaction. We hope to seek further for 
an explanation of the difference in reduction potential which 
these two groups display. 

CONCLUSION 

According to the observations reported here, the two known 
species of the Aerobacillus genus exhibit stable potentials at two 
widely different levels of reducing intensity. ‘The grouping es- 
tablished potentiometrically coincides exactly with that previ- 
ously established on cultural, fermentative and _ serological 
grounds. The experimental evidence suggests the possibility 
that differences in carbohydrate metabolism may be responsible 
for the difference in reduction potentials. 

This is the fourth bacterial genus with which similar cor- 
relations have been established in our laboratory. The results 
of these experiments are such as to direct the course of further 
investigation into the significance of bacterial oxidation-reduction 
potentials. 
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Underwood (1937) has recently emphasized a number of the 
limitations of autoclave sterilization in a series of very practical 
articles. The work herewith reported involves experiments upon 
the detrimental effects on efficient steam sterilization of air in 
the autoclave. 

An autoclave of special design was employed. This apparatus 
consisted of a small double-jacket sterilizer with separate boiler; 
the inlet and outlet valves were large so that pressure could be 
built up or released within 10 seconds. A total time of 30 
seconds sufficed for the evacuation of over 99 per cent of the air 
and the attainment of the desired pressure of saturated steam,—a 
fact that was verified by numerous experiments. Figure 1 shows 
a diagram of the lay-out. 

In order to run tests involving known mixtures of air and steam 
the discharge line of the autoclave was connected to a modified 
pneumatic trough and in this way the contents could be dis- 
charged through water, the steam condensed and the air measured 
by displacement. Since part of the air contents remained in the 
sterilizer even after it had reached atmospheric pressure following 
the first discharge of air and steam into the pneumatic trough, 
it was necessary to sweep out the remaining air by means of 
more steam before making the final measurement. This use of 
saturated steam to flush out residual air had the disadvantage of 
exerting an additive sterilizing effect which was quite marked at 
high pressures, under which conditions it often sufficed to sterilize 
spores which should otherwise have remained viable. In experi- 
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ments at 20 pounds pressure with no air discharged from the 
autoclave it was found possible to dispense with this complicating 
factor and to measure the air only at the beginning and end of 
ach series of tests. In other experiments at lower pressures, 
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Fie. 1, DiagRamMMATIC DRAWING OF AUTOCLAVE 


The boiler is not shown. The Steam Control for Chamber represents a valve 
which passes steam from the jacket into the chamber. The jacket is always 
directly connected with the boiler, so that the Jacket Gauge represents boiler 
pressure. The boiler and jacket can carry a full head of steam with the chamber 
empty. The rectangle within the chamber represents a rack designed to carry 
two rows of test sw abs placed horizontally at six different levels indicated by the 
two rows of dots. ‘7’. C.”’ shows the approximate positions of the three thermo- 
couple leads within the chamber. The left Exhaust Valve is shut and the right 
Exhaust Valve opened when one desires to empty the autoclave through the 
pneumatic coats Both valves are opened to empty the autoclave past the 
pneumatic trough. The Steam Jnlet opens into the middle of the back of the 
chamber. The exhaust valve opens from the bottom of the front of the chamber. 


however, the air was evacuated and measured at the end of each 
run before the test swabs were removed from the autoclave. 
The percentage of air in the steam was calculated as follows: 
The air was actually measured at room temperature and pressure 
in the pneumatic trough; the volume it would occupy at the 
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temperature and pressure existing in the autoclave was then 
calculated by means of the gas laws. The amount of air in 
the steam was then expressed as a percentage,—for instance, 
25 per cent air means that at the temperature and pressure in 
the autoclave the steam and air are respectively 75 per cent and 
25 per cent by volume. 

The following is a sample calculation for air volume. The air 
collecting cylinder was of the same diameter as the inside of 
the autoclave and the autoclave chamber had a total length of 
20 inches. Hence 5 inches of air in the cylinder would be #5 of 
the total volume of the autoclave chamber. At 10 pounds gauge 
pressure and a temperature of 110°C. this #5 of the chamber 
volume would be changed to 


5 14.7 Ibs. 273° + 110° 


50 * lO lbs 2 147 1 973° 4. 959 x 100 per cent or 19 per cent 
“ Ss. FT -é 8. ae T sv 


The temperatures within the autoclave were measured by 
means of three thermocouples which were customarily located at 
three different levels, one near the top, another one in the center 
and a third close to the bottom of the chamber. The thermo- 
couples could be connected in turn by means of a multiple switch 
to a direct reading galvanometer. By maintaining the temp- 
erature of the constant junction at 100°C. in boiling water the 
temperature could be read quickly and accurately. When any 
considerable percentage of air was retained in the autoclave the 
lower thermocouple would always record a temperature of a few 
degrees below that registered by the upper two which were in 
close agreement. In this case the temperature for correcting the 
air volume reading was taken from the center thermocouple. 

Clostridium oedematiens was employed as the main test or- 
ganism. This bacterium is considered by a number of observers 
to be one of the most heat-resistant of any of the spore-forming 
organisms of surgical importance, an observation which was 
confirmed by one of us (Hoyt, 1934). Two strains were obtained 
from the American Type Culture Collection (C. oedematiens, 
No. 681 and C. novyi, No. 3539). Both liquified gelatin but 
failed to digest coagulated serum. Both fermented glucose, 
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dextrin and maltose with the production of acid and gas and 
both failed to ferment mannitol, salicin, lactose and sucrose. 
C. novyt produced acid and gas in glycerol while C. oedematiens 
formed acid only. C. oedematiens proved more virulent for mice 
than did C. novyi. Their resistance to heat was, for practical 
purposes, identical when both organisms were employed in a 
number of the earlier experiments. In later work C. oedematiens, 
No. 681 was generally utilized but we have considered both 
organisms as different strains of C. oedematiens and they are 
designated as such in our experimental results. 

A local strain of Clostridium botulinum A was also employed, 
mainly to check the experimental technic against a spore-former 
of extremely high heat resistance. The resistance of Clostridium 
welchit and Clostridium tetani was also tested in a few instances. 

All bacteria were grown for a minimum of 3 days in chopped- 
veal infusion broth and each batch of cultures was checked 
microscopically for spore formation before being utilized in an 
experiment. Sterile swabs were dipped into these tubes and 
then usually inserted into a rack which held 12 swabs, the rack 
was placed in the autoclave and the swabs were directly exposed 
either to saturated steam or to mixtures of steam and air. At 
the end of the period of sterilization, the autoclave was rapidly 
emptied of steam and each swab was removed and cultured in a 
tube of chopped-veal infusion broth which had recently been 
boiled and allowed to cool; the swabs were then discarded and the 
cultures were overlaid with sterile melted vaseline. Each culture 
was labeled with the date and the position of its swab in the 
autoclave. Control cultures of unheated organisms were made 
at the time of each experiment. 

The cultures were incubated at 37°C. for a minimum of one 
month before being discarded. This was an arbitary time limit 
and we realize from the work of Dixon, Burke, Beck and Johnston 
(1925) and other reports that occasional spores may lie dormant 
for much longer intervals than this even when placed in a medium 


1 We gratefully acknowledge the codperation of Dr. Ivan C. Hall of the School 
of Medicine, University of Colorado in checking this culture for us. 
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suitable for growth. In our results occasional tubes inoculated 
with C. botulinum A spores showed growth only after being 
incubated for periods ranging up to a month or more but the 
C. oedematiens cultures almost never became positive after an 
interval of more than 12 days. 

Growth in the cultures was clearly evidenced by the pro- 
duction of gas which forced the vaseline away from the surface 
of the liquid. Smears were made from positive tubes chosen at 
random from time to time and stained by Gram’s method to 
check the cultures for correct morphology. Very occasional 
cultures showed irregular evidences of growth, usually with a 
minimum of gas production; smears made from most of such 
tubes disclosed contaminants, usually staphylococci or diph- 
theroids. All tubes shown to contain contaminants were omitted 
from the tabulations of experimental results. Experiments were 
performed on 40 different days and involved a total of over 
3,000 cultures exclusive of unheated controls. 


EXPERIMENTAL RESULTS 


Saturated steam served as the sterilizing agent in the earlier 
experiments and pressures of 6, 10, and 15 pounds corresponding 
to temperatures of 110, 115, and 121°C. were employed. These 
temperatures within various parts of the autoclave were checked 
by thermocouples during every test and variations from the 
values indicated were negligible. Tables 1, 2 and 3 summarize 
24 experiments upon the sterilizing effects of saturated steam on 
spores of Clostridium botulinum A and Clostridium oedematiens. 

Tables 1, 2 and 3 indicate that a direct contact of saturated 
steam with spores of C. botulinum A and C. oedematiens required 
the following minimum times to kill these organisms completely: 


Cc. BOTULINUM A Cc. OBDEMATIENS 
minutes minutes 
6 pounds saturated steam, 110°C Over 30 10 
10 pounds saturated steam, 115°C. 10 4 
15 pounds saturated steam, 121°C. 4 1 
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TABLE 1 


6 pounds saturated steam, 110°C. 





- BOTULINUM A Cc. COEDEMATIENS 
. Percentages TIME or . Pi tage: 
Total | Cultures | ‘ofcultures | EXPOSURE Total | Cultures | of cultures 
cultures growth rm 4 cultures growth — 
minutes or 
2) 24 24 100 
30 30 100 y 
4-5 45 38 S4 
i 
6 | 41 36 88 
36 36 100 4| 734-8 84 12 14 
10 69 0 0 
126 102 75 11-15 36 | 0 0 
0s | 67 | 62 16-20 12 0 0 
18 3 17 21-25 
12 l 9 30 
TABLE 2 
10 pounds saturated steam, 115°C. 
C. BOTULINUM A Cc. OEDEMATIENS 
. * Peress tages | ae oe a) ia Percentag 
Total =| Culture | of cultures we ae | showing | ° cultures 
cultures | showing cultures . showing 
growth | growth growth ‘Gente 
| minutes 
30 30 | 100 1 36 36 100 
30 6 | «€68006—6| «6100 2 120 ll 9 
46 42 91 3 120 l l 
46 4 36 0 0 
4 | #2 | 48 5 36 0 0 
46 13 28 6 36 | 0 0 
46 14 | 30 7 36 0 0 
46 6 | 123 8 35 0 0 
34 i Sok hare 9 Siok. 0 
26 0 0 10 
16 0 0 11 
12 0 


The times required to sterilize spores of C. oedematiens were 
about one third of the times required for complete killing of 
C. botulinum A spores under like experimental conditions. The 
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results here reported on the heat resistance of C. botulinum A 
closely approximate the maximum values obtained by Esty and 
Meyer in 1922. 

A check was made in a few experiments upon the relative 
resistance of moist and dried spores of C. oedematiens and C. bot- 
ulinum A. To obtain dried spores, sterile swabs were dipped 
into spore-filled cultures of the organisms in question and then 
placed in sterile empty test tubes; these tubes were replugged 

TABLE 3 
15 pounds saturated steam, 121°C. 
¢. BOTULINUM A C. ORDEMATIENS 


> TIME OF 
Percentages 


Total oe of cultures nate Total Pe ae of cultures 
cultures growth ae cultures growth = wins 
minutes 

24 2 8 
35 32 91 l 36 0 0 
18 13 72 1} 24 0 0 
36 8 23 2 24 0 0 
17 3 18 2} 
36 1 3 3 
18 ] 5 3} 
28 0 0 4 
12 0 0 4} 
30 0 0 5 
12 0 0 6 
6 0 0 7 
6 0 0 Ss 
6 0 0 9 


and incubated at 37°C. for one or more days. They were then 
exposed to steam in parallel with swabs that had recently been 
dipped into cultures of the same total length of incubation. In 
every instance it was evident that dried spores were considerably 
less resistant to heat than were the moist spores,—a fact which 
has been noted by previous workers (Esty and Meyer, 1922). 
Moist spores of locally isolated strains of Clostridium welchi 
and Clostridium tetani were also tested for their resistance to 
saturated steam in a few instances. With the strains employed 
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C. welchii was definitely less heat-resistant than C. oedematiens 
but C. tetant approximated the resistance of C. oedematiens very 
closely. 

The remaining experiments concerned the effects of residual 
air in the autoclave. In work with saturated steam, the spore- 
covered swabs had been inserted vertically into the sterilizer, 
which meant that the test organisms were located approximately 
at the center level of the chamber. In the following experiments 
the swabs were inserted horizontally at six different levels ranging 
from near the top to near the bottom of the sterilizing chamber. 
The upper two levels approximated the upper thermocouple, the 
middle two the middle thermocouple and the lower two swabs 
corresponded to the level of the lower thermocouple. C. oede- 
matiens was the test organism employed in these experiments. 

Unsaturated steam is in no way as efficacious a sterilizing 
agent as saturated steam. This was definitely manifested in 
various ways which will be discussed separately. 

A. Air in the autoclave lowers the internal temperature to a con- 
siderable extent. This lowering of temperature is an uneven 
phenomenon inasmuch as air is heavier than steam and tends to 
stratify beneath the steam. 

Six experiments were performed with an autoclave pressure of 
10 pounds and with approximately 25 per cent of air in the 
sterilizer. As mentioned above, the test swabs occupied six 
different levels and temperatures were measured by thermo- 
couples at 3 different levels in the sterilizing chamber. In all 
these tests the three thermocouples in saturated steam indicated 
a temperature of 115°C.+1°C., while the temperatures shown 
with 25 per cent air approximated 114°C. for the upper thermo- 
couple, 113°C. for the middle and 108°C. for the lower thermo- 
couple. The cultural results in the various tests were fairly 
uniform and the following protocol is considered as representative 
of this entire series of experiments. 

Table 4 shows that 25 per cent air in the autoclave at a gauge 
pressure of 10 pounds caused the time required for sterilization 
of any swabs to be at least twice that of the controls in saturated 
steam; this differential between unsaturated and saturated steam 
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was increased to at least five times when only the lowest swabs 
were taken into consideration. 

Two experiments with 15 pounds pressure and 25 per cent air 
bore out the above findings. All control swabs were sterilized 
by 1 minute of exposure to 15 pounds of saturated steam whereas 
over 6 minutes was required to sterilize all swabs when 25 per 
cent air was present at this pressure. 

B. A mixture of air and steam at any temperature is not as 
efficient a sterilizing agent as saturated steam at that same temp- 


TABLE 4 
Test organism—C. oedematiens 


10 POUNDS STEAM WITH 25 PER CENT CONTROLS 
AIR IN AUTOCLAVE 10 POUNDS SATURATED STEAM 


Thermocouple readings 


Upper 114°C, . 
Middle 113°C. Upper, a and 
Lower 108°C. a . 
Culturai results 
Number of swabs showing 
Total . an . 
number of growth Time of exposure or ped er he of sw abe 
swabs 2 ol 6wabs showing growth 
Lower Middle Upper 
2 minutes 12 0 
3 minutes 12 0 
12 4 4 $ 4 minutes 
12 4 4 0 6 minutes 
12 4 | O 0 8 minutes 
12 : + @ 0 10 minutes 


erature. Four experiments bearing on this point were performed 
and the results of the different tests fell into close agreement. 
For unsaturated steam 20 pounds gauge pressure was employed 
and all the air possible (about 42 per cent) was left in the sterilizer. 
Swabs at different levels were placed in direct contact with this 
unsaturated vapor in the test runs. In control experiments 
saturated steam at 6 and 10 pounds gauge pressure was used. 
Table 5 shows the results of a representative experiment. 

Table 5 demonstrates two findings of particular interest :-(1) 
The temperature in the lower part of the autoclave was recorded 
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as 115°C. both when 20 pounds gauge pressure of steam with 
42 per cent air and when saturated steam at 10 pounds pressure 
were utilized for purposes of sterilization. In spite of this fact 
it took over four times as long (10 minutes) to sterilize the test 
swabs with the unsaturated vapor as was the case (2 minutes) 
with saturated steam. (2) The temperature recorded with 6 
pounds of saturated steam was 110°C. Nevertheless the experi- 
ment indicates that 6 pounds of saturated steam in direct contact 
with the test swabs proved to have sterilizing properties which 


TABLE 5 


Test organism—C. oedematiens 


CONTROLS 





20 POUNDS STEAM WITH 42 PER CENT 
AIR IN AUTOCLAVE 6 pounds saturated 10 pounds saturated 
steam steam 
Thermocouple readings 
Up 120°C. 
Middle 119°C, 110°C. 115°C. 
Lower 115°C. 
Cultural results 
Total Number of —- showing Tote pa son umsber 
growth number | of swabs | number | of swabs 
a | Time of exposure a showing | - | showing 
Lower | Middle | Upper swabs | growth swabs | growth 
| 2 minutes 12 0 
12 4 0 0 | 4 minutes 
12 4 0 0 | 6 minutes | 
12 4 1 0 8 minutes | 12 | 2 
12 0 0 


| 0 | 10 minutes 12 0 


were as effective as those shown by unsaturated steam at 20 
pounds pressure and possessing a minimum temperature of 115°C. 
These findings were borne out by the other experiments. 

C. Air in the autoclave cuts down the penetration of steam to a 
considerable extent. Two experiments were performed upon the 
rate of penetration of steam into uniform packages of rubber 
gloves. Each package consisted of a glove book containing two 
gloves. Two test swabs were thrust into the finger of each 
glove. A cloth wrapper was folded loosely around each package 
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and tied with string. One thermocouple lead was inserted as 
closely as possible into the center of each package while a second 
lead ran to the outside. Only one package was employed in 
each test run and it was placed in the center of the sterilizing 
chamber. Fifteen pounds gauge pressure of steam with 25 per 
cent air was contrasted with 15 pounds of saturated steam. 
Table 6 shows the results of one of these experiments. The 
thermocouple readings indicate that with unsaturated steam it 
took over 3 minutes for the inside of the loosely wrapped pack- 


TABLE 6 
Experiment—Test organism, C. oedematiens 


Air in the autoclave cuts down the penetration of steam to a considerable 
extent. 

Uniform glove packets placed in autoclave. Each package contained 4 con- 
taminated swabs. One thermocouple lead ran to the center of each package, 
a second lead being placed outside each package. 























15 POUNDS STEAM WITH 25 PER CENT CONTROLS: 15 POUNDS SATURATED STEAM 
AIR IN AUTOCLAVE IN AUTOCLAVE 
Exposure Cultures Growth Exposure | Cultures Growth 
min. | | min. | 
5 4 + 2 4 ~ 
s 1 aa 3 4 - 
| 3 - 
ll | + | _ | 
The inner thermocouple took from 3 | The inner and outer thermocouples 
to 4 minutes to come up to the outer came to the same reading of 121°C. 
thermocouple reading of 115°C. within one half minute. 





ages to come up to the temperature of the free chamber space of 
the autoclave, whereas with saturated steam these temperatures 
equalized themselves almost instantly. The cultural results show 
that sterilization was completed by saturated steam in 2 minutes 
while unsaturated steam required longer than 8 minutes to 
accomplish the same results. 


DISCUSSION 


It has long been realized that saturated steam under a pressure 
of 10 pounds or more is an extremely efficient sterilizing agent. 
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Direct contact with 10 pounds of saturated steam will probably 
kill all surgically significant spores within 6 minutes and should 
even destroy the highly resistant spores of Clostridium botulinum 
within 20 minutes. When the pressure of saturated steam is 
increased to 15 pounds, complete sterilization should be obtained 
in approximately one third of the times mentioned above. In 
actual practice a margin of safety considerably above these 
times is customarily allowed for a number of reasons among which 
are the following: 

1. It is at least conceivable that some spores may exist which 
are more heat-resistant than any yet reported. 

2. Penetration of saturated steam into various packages or 
bundles may take considerable time even in a perfectly func- 
tioning autoclave. 

3. Air is not always eliminated perfectly from the free chamber 
space in the average autoclave. Even when such elimination of 
air from the free chamber space has occurred, it often happens 
that local pockets of air may be trapped within the materials 
that are being sterilized. Local areas of unsaturated steam will 
result and sterilization in these local areas will be retarded. 

4. Spores may become coated by various oily materials and 
thus be somewhat protected from free contact with saturated 
steam. The work of Dickson, Burke, Beck and Johnston (1925) 
appears to show that this is a point of considerable practical 
importance. 

The experiments here reported indicate that the complete 
saturation of steam throughout an autoclave is a most important 
factor in the process of sterilization. If dilution with air takes 
place the efficiency of the sterilizing process is considerably 
reduced and this reduction is not merely a function of a reduction 
in temperature. It was clearly shown that a mixture of steam 
and air at a given temperature is a less efficient sterilizing agent 
than is saturated steam at that same temperature. 

Our findings in this respect differ markedly from those recently 
published by Savage (1937). This author placed dry spores in 
dry glass tubes and inserted bits of cotton wool as sources of 
steam. These tubes were then evacuated to varying degrees, 
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sealed and heated for definite intervals at varying temperatures 
in a glycerol bath. Cultures were subsequently made and the 
results showed that residual air in the tubes had no effect on the 
sterilizing process. One should note, however, that our experi- 
mental set-up approximates actual working conditions in an 
autoclave much more closely than was the case in the experiments 
which Savage reported. 


SUMMARY AND CONCLUSIONS 


Experiments were performed in an autoclave on various spore- 
forming anaerobic bacteria to compare the sterilizing effects of 
saturated steam with mixtures of air and steam. 

The autoclave was constructed to permit extremely rapid 
entrance and discharge of steam, direct temperature readings 
could be made from three levels in the chamber and the air con- 
tent of the chamber could be quickly determined. The chief 
organisms employed were Clostridium oedematiens and Clostridiu: 
botulinum A. 

The following thermal death times were determined for direct 
contact with saturated steam: 


C. BOTULINUM A Cc. OEDEMATIENS 
minutes minutes 
6 pounds saturated steam, 110°C Over 30 10 
10 pounds saturated steam, 115°C. 10 { 
15 pounds saturated steam, 121°C. 4 l 


Dried spores were found to be less resistant than moist spores. 

Air in the autoclave was shown to lower the efficiency of 
sterilization in the following ways: 

A. Air in the autoclave lowers the internal temperature. This 
is an uneven phenomenon inasmuch as air is heavier than steam 
and tends to stratify beneath the steam. 

B. A mixture of air and steam at any temperature is not as 
efficient a sterilizing agent as saturated steam at that same 
temperature. 

C. Air in the autoclave cuts down the penetration of steam to 
a considerable extent. 
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UNIVERSITY OF Minnesota, May 20-21, 1938 


Consunctivitis. A Srupy oF THE 
Et1oLoGy oF 622 CONSECUTIVE 
CasEs.* J. H. Allen, and M. A. 
Wood, Universiiy of Iowa. 

During 1937, in the Eye Clinic at the 
State University of lowa Hospitals, 622 
consecutive cases of conjunctival in- 
flammation were observed. Catarrhal 
conjunctivitis was the clinical diagno- 
sis of 448 cases. Staphylococcus was 
the most frequent etiologic agent in 
this group with Diplococcus pneumo- 
niae second, Streptococcus third and 
Hemophilus influenzae fourth. 

The series included 55 cases of con- 
junctivitis of the newborn, none of 
which was caused by Neisseria gonor- 
rhoeae. Staphylococcus again was the 
most frequent etiologic agent with the 
virus of inclusion blennorrhea second 
and D. pneumoniae third. 

Lacrimal conjunctivitis was the diag- 
nosis of 45 cases in which D. pneumo- 
niae was most frequently found. 

There were 39 cases of trachoma, 32 
of which had a secondary bacterial 
infection. D. pneumoniae was the 
most frequent cause of the secondary 
infection in this group with Staphylo- 
coccus second and H. influenzae third. 

The remaining cases included 21 of 
vernal conjunctivitis, 2 of phlyctenular 


* Part of a study being conducted 
under a grant from the John and Mary 
R. Markle Foundation. 


conjunctivitis, 2 of chemical conjunc- 
tivitis, and 1 of ocular pemphigus 


Some Factors AFFECTING THE Bac- 
TERIAL POPULATION OF FRESHWATER 
Lakes. W. H. Stark, Janice Stadler, 
and Elizabeth McCoy, University of 
Wisconsin. 

It has been known for some time that 
the bacterial population of stored lake 
water is many times greater than that 
found in the lake itself. Increasing 
the area of solid surface per given 
volume of lake water was found by 
growth curve studies to increase the 
number of bacteria in stored water; 
this supports ZoBell’s results with 
ocean water studies. To determine if 
accumulation of organic matter upon 
the surfaces might be the mechanism of 
surface effect a method was developed 
based upon oxidation of the organic 
matter with a sulfuric acid-potassium 
dichromate reagent. Measurable 
amounts of organic matter were found 
to accumulate over a period of hours 
on the surface of chemically clean glass 
slides. The accumulation was de- 
tected upon slides sterilized and sus- 
pended in sterile lake water, showing 
that accumulation is independent of 
and precedes bacterial growth. It 
would seem then that surfaces by accu- 
mulation provide a suitable concentra- 
tion of nutrient material for greater 
bacterial development; and that al- 
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though there is sufficient nutrient 
material in lake water for greater num- 
bers of bacteria than are found natu- 
rally, the low concentration of this 
nutrient material is one of the impor- 
tant factors controlling the growth of 
bacteria in the open lake. 


SrupieEs OF FRESHWATER Bacteria: V. 
Tue DIstTRIBUTION OF SIDEROCAPSA 
iN Some Lakes. Yvette Hardman 
and A. T. Henrici, University of 
Wisconsin. 


GrowTH Factors AND NITROGEN F1Ixa- 
TION BY Ruizopium Trirouu. P.M. 
West and P. W. Wilson, University 
of Wisconsin. 

An attempt has been made to verify 
the recent claims of Verner and Kova- 
ler that the root-nodule organism is 
capable of fixing atmospheric nitrogen 
in the presence of a concentrated 
‘Bios’ preparation, freed of a large 
part of its contaminating nitrogen. 
Although great stimulation was evi- 
dent in growth of Rhizobium trifolii on 
the addition of extremely small 
amounts of ‘“Bios’’ concentrates to a 
basal medium almost free of combined 
forms of nitrogen, analyses showed that 
no fixation had occurred. 

Similar negative results were also 
obtained in the presence of Miller’s 
Bios, Allison and Hoover’s Azotobacter 
extract, crystalline vitamin B, and 
lactoflavin, with mannitol, oxalacetic, 
or succinic acids as sources of energy. 
The organism apparently, can make 
excellent growth without utilizing at- 
mospheric nitrogen on as little as 0.001 
mgm. of nitrogen per cc., if proper 
media are used for its cultivation. 


MoctTaTION OF PoLiomyYELiITic VIRUS 
INTO ENcEPHALITIC Virus. Edward 


C. Rosenow, Division of Experi- 
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mental Bacteriology, 

Foundation, Rochester, Minnesota 

In three experiments in which 
fourteen monkeys were inoculated 
intranasally with highly virulent polio- 
myelitic virus, mutation into encepha- 
litie virus occurred in six monkeys; 
eight developed typical poliomyelitis 
Three of the six monkeys in which 
mutation occurred had received the 
virus four days after six daily intra- 
nasal instillations of, and feeding of, 
poliomyelitic streptococcic vaccine in 
a concentrated sugar solution (partial 
immunity). One had received saline 
and concentrated sugar solution and 
two were vaccinated intranasally and 
orally with poliomyelitic streptococcic 
serum-vaccine after inoculation with 
virus (partial immunity). The en- 
cephalitic mutant virus proved viru- 
lent for mice, guinea-pigs, rabbits and 
monkeys, whereas the unchanged virus 
was effective as usual only in monkeys. 

Feeding of a vaccine prepared from 
the streptococcus isolated from the 
mutant encephalitic virus protected 
mice in marked degree against intra- 
lingual injection of this virus. Feed- 
ing of a vaccine prepared with the 
streptococcus isolated from the un- 
changed virus had moderate protective 


The Mayo 


action, while an arthritic strepto- 
coccic vaccine had no_ protective 
action. The streptococcus isolated 


from the encephalitic mutant virus was 
agglutinated to a greater degree and 
in higher dilution by the encephalitis 
antistreptococcic serum than by the 
poliomyelitis antistreptococcic serum, 
whereas in the case of the streptococcus 
isolated from the unchanged virus the 
reverse was true. 


PROTECTION OF MonkeEys (Macacus 
RHESUS) AGAINST EXPERIMENTAL 
POLIOMYELITIS WITH VACCINE AND 
ANTISERUM PREPARED WITH THE 
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STREPTOCOCCUS FROM POLIOMYELITIS. 
Edward C. Rosenow, Division of Ex- 
perimental Bacteriology, The Mayo 

Foundation, Rochester, Minnesota 

All of six monkeys that had received 
six daily intranasal instillations of, and 
that had been fed, poliomyelitic strep- 
tococcic serum-vaccine remained well 
after the first intranasal inoculation of 
virus given four days after completion 
of immunization. Two succumbed to 
poliomyelitis after the second and one 
succumbed after the third inoculation. 
Three resisted five inoculations of 
virus. Five of the six control monkeys 
succumbed to poliomyelitis after the 
first inoculation of virus. Of four 
monkeys vaccinated subcutaneously, 
two resisted the first inoculation, one 
succumbed to the third inoculation, 
while one resisted five inoculations of 
virus. Of four monkeys immunized 
intranasally and orally with arthritic 
streptococcic serum-vaccine, two suc- 
cumbed to the first, one to the second, 
and one to the third, inoculation of 
virus. 

Five intranasal inoculations (eight 
to thirty days apart) of virus treated 
for an hour and a half with poliomye- 
litic antistreptococcic serum (1:10) 
were without effect on four monkeys 
that had received, six hours previously, 
intranasal instillations of poliomyelitic 
antistreptococcus serum diluted 1 in 10. 
All of four monkeys treated in like 
manner, but in which the arthritic 
antistreptococcus serum was substi- 
tuted for poliomyelitic antistrepto- 
coccus serum, succumbed to polio- 
myelitis, as did four control monkeys 
which received salt solution instead of 
antiserum. 


FuRTHER ATTEMPTS TO CONCENTRATE 
THE Virus OF PoLiomyeEtitis. W.C. 
White and Paul F. Clark, University 
of Wisconsin. 
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Nasat PorTaAL OF 
EntTRY OF POoOLIOMYELITIS VIRUS 
A. F. Rasmussen, Jr. and Paul F 
Clark, University of Wisconsin 


STUDIES ON THE 


AMINO AcID REQUIREMENTS OF 
Lactic Acip Bacteria. A. A 
dersen, H. G. Wood and C. H 


man, 


THE 
An- 
Werk- 
Section, Iowa 


Experiment Station, 


Bacteriology 
Agricultural 
Ames, Iowa. 
The addition of 19 purified amino 

acids, each in a concentration of 0.0075 

per cent, to a basal medium of glucose 

1 gram, (NH,).SO, 0.3 gram, NaOAc 

0.6 gram, inorganic salts, aneurin 1.0 

gamma, riboflavin 50 gammas and ether 

extract of 3.0 grams yeast extract, per 

100 ec. of medium, provided good 

growth of lactic acid bacteria (Lacto- 

bacillus mannilopeous L2, L. buchneri 

L4, and L. lycopersici L5). 

duction 

growth. 

Tryptophane was found essential for 
L. buchneri but not for the other two 
Cystine and threonine were essential 


Acid pro- 


was used as a criterion of 


for all three species, while serine and 
methionine were markedly stimulating 
if not essential. 

By varying the concentration of one 
amino acid and maintaining the re- 
maining 18 at 0.0075 per cent, it was 
found that approximately 75 gammas 
of threonine, 45 gammas of cystine 
and from 25 to 75 gammas of serine per 
10 cc. of medium gave maximum acid 
production with L2 and L4 


A TrcHNIQUE FoR STAINING 
Countinc Yeast Spores. C. PR 
Arnold, Iowa State College. 

A technique was developed which 
was particularly well suited for stain- 
ing smears of yeast cultures in which 


AND 


the progress of sporulation was being 
followed by periodically counting the 
proportion of sporulated cells. 
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The staining procedure consisted in 
transferring a small quantity of the 
yeast culture to a glass slide where it 
was thoroughly mixed with a loopful 
of sterile, fresh skimmed milk which 
had previously been diluted with one 
part of sterile water. The smear was 
then fixed in 95 per cent alcohol for two 
minutes, dried, and stained with carbol 
fuchsin for two minutes at a tempera- 
ture sufficient to make the staining 
solution steam. The smear was de- 
colorized by dipping into a solution of 
2 per cent acetic acid for an instant and 
then rinsing in 95 per cent alcohol. 
Finally, the smear was counterstained 


in aqueous methylene blue for 60 
seconds. 
Since there is maximum contrast 


between the sporulated (red dots) and 
non-sporulated cells, there is little 
difficulty in detecting the presence of 
spores even though they may be few 
and far between. The milk employed 
tends to break up lumps of cells at the 
time of mixing; later it prevents the 
cells from clumping when the smear 
dries, and finally it forms a blue back- 
ground for the stained smear. 


STAINING OF BacTERIAL FLAGELLA. 
Einar Leifson, Department of Bac- 
teriology, University of South 
Dakota. 

The technique of staining flagella 
published by the author in 1931 has 
been thoroughly re-investigated. A 
somewhat simpler, better, and more 
reliable stain has been perfected. The 
new stain has been prepared in the 
form of a dry powder which seems to be 
stable indefinitely. The staining solu- 
tion is prepared by dissolving a definite 
quantity of the powder in a 35 per cent 
solution of alcohol. The solution is 
stable for a week or more. The solu- 
tion is poured on the bacterial smear 
and the staining is complete in about 
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10 minutes. No counterstain is 
necessary. 

The composition of the stain is as 
follows: Tannic acid 0.85 per cent, 
sodium chloride 0.5 per cent, pararo- 
saniline acetate 0.35 per cent, alcohol 
(95 per cent) 35 per cent, water. The 
solid ingredients are dissolved in the 
alcoholic solution. Young (8-16 hour) 
agar slant cultures are suspended in 
distilled water to make a lightly turbid 
solution. A loopful of the suspension 
is allowed to run down a perfectly clean 
slide which has 3 of its surface ringed 
around with a wax pencil to confine the 
stain. The stain is heaped up on the 
slide and allowed to act for about 10 
minutes, then washed off. 

Many interesting data have been ob- 
tained on the effect of the kind and 
concentration of electrolyte in the 
stain. Space does not permit of any 
detailed discussion but these data will 
be published elsewhere. 


PRECIPITIN REACTION IN PNEUMONIA. 
W. P. Larson and Milion Levine, Uni- 
versity of Minnesota. 

Sera from thirty cases of lobar pneu- 
monia, including types I, II, III, IV, 
VII, VIII, and XV, were tested against 
precipitinogens of types II, III, IV, 
and XXVII, using the precipitin ring 
test. 

The precipitinogen was prepared by 
dissolving the residue from a liter of an 
18-hour broth culture of pneumococci 
in 10 ec. of 0.5 per cent sodium ricino- 
leate and 0.5 per cent Ca and Mg free 
NaCl to give a final dilution of 1:10. 
This was further diluted to 1:100, 
1:500, and 1: 1000. 

All the sera gave positive precipitin 
reactions in 15 minutes against the four 
precipitinogens tested. Controls 
taken from sera sent in for Wasserman 
tests were negative at the end of one 
hour, and then began to show a vague 
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cloudy precipitate at the ring interface 
This nonspecific reaction was due to 
the sodium ricinoleate since the soap 
alone gave the reaction against the 
control sera. 

Seven type I sera gave an immediate 
and more pronounced precipitate 
against all the antigens tested. 

The sera were drawn from two days 
after the onset of symptoms, up to two 
weeks in some cases. 


DISSIMILATION OF CuiTRic ACID BY 
AEROBACTER INDOLOGENES. C. R. 
Brewer and C. H. Werkman, Bacteri- 
ology Section, Iowa Agricultural Ex- 
periment Station, Ames, Iowa. 

The anaerobic dissimilation of citric 
acid by growing cells and non-pro- 
liferating cell suspensions of Aerobacter 
indologenes was qualitatively and 
quantitatively investigated. Princi- 
pal products found were acetic, formic 
and succinic acids, carbon dioxide and 
hydrogen. Small amounts of acetyl- 
methylearbinol, 2,3-butylene glycol, 
ethyl alcohol and lactic acid were also 
reported. 

The fermentation of citric acid by 
Aerobacter indologenes does not readily 
occur in media below pH 6. 

Manometric investigations using the 
Warburg respirometer revealed that 
the anaerobic dissimilation of citrate 
was stopped by 0.003 m NaAsQO,, 0.1 per 
cent NaHSO; and 0.01 m CH,ICOONa; 
0.02 m NaF partially inhibited citrate 
fermentation; and 0.03 m malonate 
stimulated the production of gas from 
citrate as well as from fumarate and 
malate. 

Aerobically, arsenite and iodoacetate 
also completely inhibited the dissimila- 
tion of citrate. NaF and 0.02 m 
Na,P;,O; did not affect aerobic dissimi- 
lation. KCN (0.05 per cent and 0.1 
per cent) partially inhibited. 

The evidence was examined from the 
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viewpoint of the citric acid cycle of 


Krebs and Johnson and it was con- 
cluded that the cycle does not apply to 


the bacterial dissimilation. 


BeHAvior OF ADDED HyDROGEN ACCcEP- 

TORS ON THE METABOLISM OF AERO- 
M.N. Mick- 
and C. H. 
Department of Bacteri- 
Iowa State College, 


BACTER INDOLOGENES 
elson, H. 


Werkman, 


Reynolds 
ology, Ames, 

Iowa. 

Acetaldehyde, propionaldehyde, bu- 
tyraldehyde, and acetic, propionic and 
butyric acids were added to glucose 
fermentations by indolo- 
genes to observe their effect on the pro- 
duction of 2,3-butylene and 
acetylmethylcarbinol. In view of the 
pronounced effect of pH on the dissimi- 
lation by these organisms, acetalde- 


Aerobacter 


gly col 


hyde and acetic acid were added under 
acid and alkaline conditions. Under 
acid conditions, added acetic acid dis- 
appears and is quantitatively 
counted for as 2,3-butylene glycol. 
Under alkaline conditions added acetic 
acid is not attacked and acetic and 
formic acids accumulate. Acetalde- 
hyde added to an alkaline fermentation 
(above pH 7.0) quantitatively is con- 
verted into ethyl alcohol and acetic 
acid in equimolar quantities, in an acid 
fermentation (below 6.2) acetaldehyde 
causes increases in ethy! alcohol, acetic 
acid, acetylmethylcarbinol 2,3- 
butylene glycol. 

When propionic acid is added to an 
acid fermentation, it is reduced to 
propy! alcohol, there is a reduction in 


ac- 


and 


yield of ethyl alcohol and a correspond- 
ing increase in butylene glycol and 


acetylmethylearbinol. Butyric acid 
under similar conditions is not at- 
tacked. 


Propionaldehyde and butyraldehyde 
were recovered as the corresponding 
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acids and alcohols with no increase in 
4-carbon neutral compounds 


INFLUENCE OF METHODS OF HANDLING 
LAcTICS ON THE Heat 
A 
Peppler and W. C. Frazier, Depart- 
ment of Agricultural Bacteriology, 
of Wisconsin, Madi- 


THERMODURK 
RESISTANCE OF SUBCULTURES. 


University 
son. 
helveticus 


of Lactobacillus 
(39aW) and Streptococcus thermophilus 


Cultures 


(C3) were carried separately in recon- 
stituted skim milk at 37°C. and also 
at 37°C. plus different periods at 20°C. 
The cultures grown continuously at 
37°C 
stituted skim milk every 12 and every 


. were transferred to fresh recon- 
24 hours. Additional series of cultures 
were incubated at 37°C. for 12 hours 
followed by 36, 84, and 154 hours at 
20°C., and for 24 hours at 37°C. fol- 
lowed by periods of 24, 72, and 144 
hours at 20°C. 

After each culture in each series had 
been transferred to fresh medium at 
least seven consecutive times, a definite 
amount was inoculated into a large 
flask of fresh medium, heated for 30 
minutes at 60°C. and incubated at 
37°C. The rate and amount of growth 
and the degree of acid development 
were determined. 

Cultures of L. helveticus which were 
varried continuously at 37°C., either 
in ordinary medium or in one contain- 
ing 0.1 per cent added peptone, were 
equal in growth and acid production 
following the heat treatment. S. ther- 
mophilus transferred every 12 hours at 
37°C. increased in numbers and 
veloped acid more rapidly after the 
heat treatment than cultures trans- 
ferred every 24 hours. 

When each organism was grown at 
37°C. for 12 hours followed by incuba- 


de- 


tion at 20°C. for periods longer than 36 
hours, a significant decrease in activity 
was observed. 
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These 


information 


results suggest 
which may be applicable under certain 
conditions arising in the Swiss cheese 


plant. 


Tue Butryt ALconoLt FERMENTATION 
or Woop Suaar. WN. O. Sjolander 
and A. F. Langlykke, University of 


Wisconsin. 

Sugars obtained from wood by hy- 
drolysis with dilute sulphurie acid at 
elevated temperatures were readily fer- 
mented by the butyl anaerobes, Clos- 
tridium felsineum and Clostridium bu- 
The hydrolyzates were pre- 
pared for fermentation by treatment 
with calcium 
Norite. 
most satisfactory for maximum wood- 
sugar utilization. The addition of 
corn and other supplementary carbo- 
hydrate was unnecessary. 

Whereas yeasts were capable of fer- 


tylicum 


carbonate, lime and 


A malt-sprouts medium was 


menting only the hexoses in wood 
sugar, C. felsineum and C. butylicum 
were able to ferment the pentoses also. 
Wood sugar in concentrations up to 
about 5 per cent was almost completely 
fermented. From 30 to 40 per cent of 
the fermented sugar was converted 
into neutral volatile products. The 
distribution of products formed by C. 
felsineum was practically the same 
from sugar as from 
Buty! alcohol was the principal neutral 
volatile product; smaller amounts of 
ethyl alcohol and acetone were formed. 
C. butylicum produced, in addition, 
considerable amounts of isopropy! 
more from wood sugar than 
from glucose. It was shown that this 
additional isopropyl] alcohol arose from 
the acetic acid present in the wood 
hydrolyzates. 


wood glucose. 


alcohol 


DESTRUCTION OF BACTERIA BY CERTAIN 
Fish Liver O1rs. Gordon Worley 
and Horace R. Getz, University of 
Wisconsin. 
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Cop Liver O1L TREATMENT OF EXPERI- 
MENTAL TUBERCULOUS SKIN ULCERs. 
Theodore A. Koerner and Horace R. 
Getz, Department of Medical Bac- 
teriology, University of Wisconsin. 
Reports of the favorable response of 

a few cases of lupus vulgaris to topical 

application of whole native cod-liver 

oil have led to an experimental study 
of the healing action of cod-liver oil 
for cutaneous tuberculosis. 

Guinea pigs, free from 
spontaneous tuberculosis as shown by 
tuberculin testing with 10 mgm. OT, 
and weighing 500 grams or more, de- 
veloped 5-15 mm. ulcers in 3-4 weeks 
following the intradermal injection of 
0.2 mgm. of virulent human tubercle 
bacilli, strain H 37 in 3 ce 
the nape of the neck. Several hundred 
animals kept on the same ration 
throughout were used in the course of 
8 series of experiments. 

In the course of the work a total of 86 
animals received applications of whole 
cod-liver oil twice daily between the 
28th and 40th days of infection. At 
this time 60 per cent of the lesions were 
not only shut but healed underneath. 
A total of 89 control animals showed 40 
per cent closing of lesions by epithe- 
lialization during the same period but 
the closing in a goodly number of cases 
was only temporary and poor. Nec- 
rotic undermining foci were found 
beneath the epithelium. 

Similar numbers of animals were used 
in tracing the healing activity of the 
oil into a chemical fraction designated 


uniformly 


saline, on 


as the ‘‘Vitamin Fraction,’’ comprising 
0.3 per cent of the whole oil, and con- 
taining its vitamin A and D stores. 
Experiments, as yet inadequate, sug- 
gest that neither of these agents or 
their combination are responsible for 
the healing activity of the oil. 


VitTaMINn A DEFICIENCY OF NORMAL AND 
TUBERCULOUS INDIVIDUALS As INDI- 
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CATED BY THE BIOPHOTOMETER 
Horace R. Getz and Milton 
University of Wisconsin. 


Finn, 


H./CO, Ratios or Escuericnia-AERO- 


BACTER. M. Silverman and C. H 
Werkman, Department of Bacteri- 
ology, Iowa State College, Ames, 
Iowa 


Change in pH markedly affects the 


Hz, ( O, ratios of Aerobacter indolo- 
genes. Increase in pH from an acid to 
alkaline range causes a progressive 


change in the H,/CQ, ratio from 0.5 
at a pH of 5.8 to 3.4 at an initial pH of 


7.7. The gas ratio of Escherichia coli 
remains constant throughout this 
range. Added acetates and _ propi- 


onates reduced the H, evolved by A 


indologenes by acting as hydrogen 
acceptors. 
Neither 

butyrates in any way affected the gas 
ratio of E£. 


cells and the Warburg respirometer 


3utyrates had no effect 


acetates, proplonates, nor 


coli. Non-proliferating 
were employed in the above work 

A glucose-acetate medium for dif- 
ferentiation of members of the colon- 
aerogenes group was described 


BacIL- 
BacILLus Sus- 


Tue ANTAGONISTIC ACTION OF 
LUsS THERMOPHILUS, 
TILIS, EscHERICHIA COLI-COMMUNIS, 
AND ALCALIGENES 
cINA LUTEA. 
College, Appleton, Wisconsin 
Suspected antagonistic effect of 

Bacillus thermophilus, Bacillus subtilis, 

and Alcali- 

genes fecalis on Sarcina lutea was inves- 
tigated. 

Sarcina lutea together with one of each 


FECALIS ON SAR- 
Olga Smith, Lawrence 


Escherichia coli-communis, 
Suspensions were made using 


of the four organisms and nutrient agar 
plates were poured immediately upon 
mixing, after two hours incubation, and 
again after twenty-four hours incuba- 
tion. To discover if antagonistic ac- 
tion would occur when colonies were 
planted directly from pure culture to a 
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solid medium, Sarcina was plated to 
agar in pure culture with B. thermo- 
philus and with B. subtilis without 
having been previously in mixed sus- 
pensions. An effort is also being made 
to ascertain the relative effect of the 
organisms in culture and of the filtrate 
of the antagonistic organisms. 

The results indicate that: 

(1) Antagonistic action was most 
evident in the B. thermophilus—Sar- 
cina mixture. 

(2) B. subtilis was only slightly less 
antagonistic toward Sarcina than B. 
thermophilus. 

(3) Escherichia coli-communis and 
Alcaligenes fecalis were less antagonis- 
tic but even these organisms showed 
strong suppression of Sarcina. 

(4) In the case of all four organisms, 
prolonged contact in broth resulted in 
greater suppression of Sarcina. 

(5) B. thermophilus and B. subtilis 
were not only active in inhibiting 
Sarcina in mixed broth cultures, but 
possessed the ability to inhibit its 
growth when planted to agar in pure 
culture. 

(6) The filtrate of B. subtilis does 
not suppress Sarcina to as great an 
extent as the live cultures. 

Further work on the action of the 
filtrate of the antagonistic organisms is 
now in progress. 


A Case or ‘Acute BactTeriaL ENpDo- 
CARDITIS CAUSED BY ESCHERICHIA 


cour. W.H. Stevens and J. L. Parks, 
University of Wisconsin Medical 
School. 


A patient (A. T.) at the Wisconsin 
General Hospital with a diagnosis of 
acute endocarditis gave blood and 
urine cultures positive for Escherichia 
coli. Progressive cardiac failure was 


accompanied by chills, fever, anemia, 
and leucocytosis, and the patient ex- 
pired one month after admission. 
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At post-mortem, obstructive vegeta- 
tions were found in the aortic heart 
valve. Microscopically these showed 
abundant clumps of bacilli within the 
tissue; direct smear of this material 
yielded only gram-negative rods. This 
organism was isolated both from the 
vegetations and from the blood; when 
tested biochemically, culturally, and 
immunologically, it fell into the class 
Escherichia coli, variety acidi-lactict. 

The probable source of infection was 
the right kidney, which showed multi- 
ple abscesses on post-mortem examina- 
tion. 

Of the cases of this type previously 
reported in the literature, only five are 
considered authentic according to the 
postulates proposed by Dickar, which 
require that the organism be present 
in histological sections of the heart 
valve as well as in the direct bacterio- 
logical smears. This case is shown to 
satisfy these criteria and is offered as 
an authentic one to be recorded. 


EFFECT OF ENVIRONMENT ON NITROGEN 
EXCRETION BY LEGUMINOUS PLANTs. 
Orville Wyss and P. W. Wilson, Uni- 
versity of Wisconsin. 

Excretion of nitrogen by inoculated 
pea plants varied with the season in ex- 
periments made each month through- 
out the year. The most frequent oc- 
currence of benefit to a non-legume in a 
pea-oat or a pea-barley mixture was 
noted when the growing period coin- 
cided with cool, long days and espe- 
cially with sunlight of relatively low 
intensity but of long duration. This 
effect of the environment received con- 
firmation by a greenhouse experiment 
in which three different temperatures 
were used with a long and a short day. 
Examination of the occurrence of posi- 
tive and negative findings reported at 
other experiment stations indicate that 
excretion is more likely to obtain in 
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those regions where the specified cli- 
matic conditions hold. The effect does 
not appear to arise from cool, long days 
per se, but such an environment usually 
results in a type of growth (high ni- 
trogen plant) which favors the occur- 
rence of excretion. The same type of 
growth brought about by other means, 
e.g., shading, likewise results in excre- 
tion. 


Direct DETERMINATION OF FREE NI- 
TROGEN Uptake BY GASOMETRIC 
Metnops. Charles Hurwitz and P. 
W. Wilson, University of Wiscon- 
sin. 

The Kjeldahl method for total ni- 
trogen is subject to certain inaccuracies 
which render it unreliable as a tech- 
nique for unequivocal demonstration of 
free nitrogen uptake by substrates high 
in total nitrogen, e.g., seeds, nodules, 
plant extracts. Changes in the forms 
of organic nitrogen which take place 
during the period of the experiment 
may give rise to errors in the deter- 
mination which invalidate the appar- 
ent gains in total nitrogen observed. 
It is proposed that a direct measure of 
free nitrogen uptake be a necessary 
condition for acceptance of claims of 
nitrogen fixation by substrates initially 
high in nitrogen. A suitable method 
for direct demonstration of free nitro- 
gen uptake has been developed. The 
substrate is placed in a 150 ml. Erlen- 
meyer flask which contains a short test- 
tube holding alkali for absorption of 
liberated CO,. The flask is connected 
with a Novy-Soule respirometer which 
measures the oxygen uptake. As soon 
as the pressure of oxygen in the system 
is reduced to about 0.15 atm. through 
respiration, pure oxygen is added to 
bring it back to atmospheric pressure 
(0.21 atm.). Suitable precautions are 
taken to insure that no air enters the 
ppparatus during addition of the oxy- 
gen. At the end of the experiment 
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oxygen is added until the original pres- 
sure has been restored, then samples of 
the atmosphere in the system are taken 
for gas analysis. When tested with 
Azotobacter, the method checks quite 
satisfactorily with those obtained by 
Kjeldahl analyses. A sensitivity of 
less than one milligram of nitrogen is 
readily obtained. 


CoMPARATIVE RESULTS OBTAINED BY 
THE ELECTROMETRIC AND COLORI- 
METRIC METHODS OF DETERMINING 
BacTERIAL FerMENTATION. G. M. 
Savage, University of Minnesota. 

It was suggested that some variabil- 
ity in fermentations might be attribut- 
able to the pH indicator used. Evi- 
dence consisted of a study of acid 
fuchsin (Andrade’s indicator). 

Shigella dysenteriae (Shiga type) was 
found to ferment only glucose and mal- 
tose when 0.002 per cent indicator was 
used; it fermented glucose, maltose, 
sucrose and lactose when 0.02 per cent 
indicator was used. The pH decrease, 
measured with a glass electrode, was 
the same for a given sugar, independent 
of the indicator concentration. None 
of the 0.02 per cent series became as 
acid as its corresponding sugar in the 
0.002 per cent series, and yet this series 
resembled the S. sonnei and S. dispar 
fermentations. 

In addition the color of single 
strength beef broth was found sufficient 
to mask the red color of 0.002 per cent 
indicator in buffer solutions, so that a 
tube of broth could drop from its initial 
pH of 7.6 to one of 6.3 without any fer- 
mentation being apparent. All such 
inapparent fermentations had to be ob- 
served electrometrically except those 
of the Shiga organism, which could be 
made apparent by adding more in- 
dicator. 

Acid fuchsin was found not to exhibit 
a perceptible protein error in beef 
broth over the pH range of 5.0 to 7.5. 
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NORTH CENTRAL BRANCH 


University oF Wisconsin, Mapison, Oct. 21, 1938 


Srupigs ON THE OcCURRENCE AND 
IMPORTANCE OF BACTERIA IN THE 
Sea. Claude E. ZoBell,* Scripps 


Institution of Oceanography, La 

Jolla, Calif. 

Bacteria are found to be widely dis- 
tributed in the sea although in numbers 
ranging from less than one to only a 
few hundred per cc. Their seasonal 
and vertical distribution is more closely 
correlated with the abundance of 
phytoplankton than with temperature, 
insolation, hydrostatic pressure or dis- 
solved nutrients. The paucity of 
bacteria in sea water is attributed 
primarily to the lack of surface-active 
solids such as particulate matter, 
which seem to be requisite to the multi- 
plication of bacteria in dilute nutrient 
solutions. Marine bottom deposits 
contain from hundreds to millions of 
bacteria per gram, the number of 
aerobes as well as anaerobes decreasing 
with core depth. 

Nearly a hundred and unde- 
scribed species of bacteria, which upon 


new 


primary isolation grow in nutrient sea 
water media but not in corresponding 
freshwater media, have been charac- 
terized. The majority of them belong 
to the family Bacteriaceae with several 
other families and numerous genera 
represented. Many marine bacteria 
are extremely heat-sensitive, 
failing to multiply after short expo- 
sures to temperatures no higher than 
30°C. Although most of the marine 
bacteria are active at 0°C., their opti- 
mum temperature for multiplication 
is between 15 and 25°C., including 
those which have come from the deep 


some 


*Now on sabbatical leave at the 
University of Wisconsin. 


sea bottom where the temperature is 
perpetually colder than 3°C. 

The ways in which bacteria may in- 
fluence chemical, physico-chemical, 
geological and biological conditions in 
the sea were discussed. It was also 
pointed out that marine bacteria have 
considerable economic importance. 


A PRELIMINARY REPORT ON THE 
NUMBERS AND DISTRIBUTION OF 
MICROORGANISMS IN Beacu SAnps. 
Nelson E. Rodgers and Newell O. 
Sjolander, Department of Agricul- 
tural Bacteriology, University of 
Wisconsin. 

Observations have been made on the 
numbers and distribution of micro- 
érganisms in the beach sands of fou- 
lakes of northern Wisconsin. Counts 
of the numbers of bacteria and proto- 
zoa in sand samples three centimeters 
deep taken at various distances from 
the water’s edge have revealed a char- 
acteristic distribution. Near the 
water’s edge plate counts of a few 
hundred thousand bacteria per cc. of 
sand and direct counts of a few hun- 
dred protozoa per cc. of sand are com- 
monly observed. These numbers grad- 
ually increase up to a distance of 
between one and two meters from the 
water’s edge. At this point the num- 
bers of both protozoa and bacteria 
show a sharp rise. In this active re- 
gion two to eight million bacteria per 
cc. of sand and ten to forty-five thou- 
sand protozoa per cc. of sand are 
commonly encountered. Beyond this 
densely populated region and up to the 
outermost edge of the beach the num- 
bers of microédrganisms usually de- 
crease. 

Observations on the vertical dis- 
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tribution of microérganisms in the 
most active region of the beach have 
demonstrated that, in a sand core six 
centimeters deep, 60 to 70% of the 
bacteria and 70 to 80% of the protozoa 
inhabit the top centimeter. Below 
the surface centimeter the numbers 
fall rapidly with increasing depth. 


Tue Peptipases or Bacteria. Julius 
Berger, University of Wisconsin. 


A Kinetic MErTHop For THE Stupy 
OF BacTERIAL DEHYDROGENASES. 
R. K. Tam and P. W. Wilson, Uni- 
versity of Wisconsin. 

Through the use of appropriate light 
filters the Evelyn photometer can be 
used as a rapid and convenient method 
for the study of the kinetics of bacterial 
dehydrogenases. Special Thunberg 
tubes of uniform curvature and homo- 
genous glass are prime requisites in 
the elimination of large experimental 
and correction errors. 

Experiments with “‘resting cell’’ sus- 
pensions of the root-nodule organism 
show that a light filter in the region of 
5,400 A will give a straight-line rela- 
tionship between methylene-blue con- 
centration and the logarithm of the 
galvanometer readings. Filters above 
and below this region do not success- 
fully eliminate interfering factors 
from the measurement of methylene- 
blue concentration. 

Studies on the effect of hydrogen- 
ion concentration on glucose dehydro- 
genase reveal a constant rate of dye 
reduction in the acid range while in 
the alkaline range an acceleration 
inevitably results after reduction has 
proceeded for a few minutes. The 
formation of intermediate oxidation 
products and the adaptation of the 
enzyme to unfavorable alkaline con- 
ditions are factors involved. Further 
kinetic studies with the root-nodule 
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bacteria will include the effect of 
various substrates and inhibitors 


CHROMOSOME NUMBERS IN Root Nop- 
ULES AND Root Tips or CERTAIN 
LecuMinosakE. Louise Wipf, Uni- 


versity of Wisconsin. 

The tetraploid chromosome number 
was found in infected of root 
nodules of 31 diploid plants including 
6 species from the genus Medicago, 11 
species of Melilotus, 9 species of Tri- 
folium, 3 species of Lathyrus, and one 


cells 


each from Pisum and Vicia. In all 
these, the uninfected cells of the 
nodular cortex possess the somatic 
(diploid) number of chromosomes 


typical of the host species. 

The chromosome number in infected 
nodular cells in diploid and autotetra- 
ploid strains of Melilotus alba Desr 
is twice that found in uninfected 
somatic cells of the respective plants 
The chromosome number in infected 
cells of the nodules from diploid, tri- 
ploid, tetraploid, and octoploid forms 
of the genus Medicago is likewise, 
double that in the root tip cells. In- 
fected nodular cells from plants of a 
natural polyploid series in the genus 
Trifolium possess twice the normal 
somatic number of chromosomes. 

Inhibition of the fixation of free 
nitrogen by such factors as a ‘‘poor’’ 
strain of Rhizobium, the presence of 
combined nitrogen in the nutrient, of 
the presence of hydrogen or carbon 
monoxide gas does not affect the num- 


ber of chromosomes in the nodular 
cells. Infected cells in every case 
possess twice the somatic number 


found in uninfected cells. 

There is definitely and consistently 
a two-to-one chromosome ratio be- 
tween infected and uninfected cells of 
the root nodules of the leguminous 


plants examined. 
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Tue DesTINATION OF NITROGEN FIXED 
WITHIN LeGumINous Nopu.zs. G. 
Bond, University of Wisconsin and 
University of Glasgow, Scotland. 
The initial destination of nitrogen 
fixed within legume nodules appears 
to depend on certain environmental 
conditions. Under many growth con- 
ditions the whole of the fixed nitrogen 
is retained within the plant-nodule 
system. Under certain circumstances 
there may be an excretion of a very 
substantial proportion of the fixed 
nitroger. into the rooting medium, as 
established by the experiments of 
Virtanen. Other workers, including 
the present writer, have been unable 
to secure excretion with the same 
facility as Virtanen, if at all. Exami- 
nation of Virtanen’s results shows that 
his conditions produce a very high 
rate of fixation relative to the growth 
of the legume, so that an excess of nit- 
rogen will tend to arise within the 
nodules. Reports from various sta- 
tions make it questionable whether 
normal growth conditions do regularly 
produce the requisite high relative 
rate of fixation, so that the precise 
significance of nodule excretion in 
agricultural practice has yet to be 
established. 


Speciricity STUDIES IN THE SO-CALLED 
‘“*E”’ Group or LeGumiInowus PLantTs. 
J. C. Burton and L. W. Erdman, 
The Nitragin Company, Inc., Mil- 
waukee, Wisconsin. 

Because of the large number of 
leguminous crops of agricultural im- 
portance now in the ‘“‘E’”’ or Cowpea 
cross-inoculation group, and the diver- 
sity of this group both with respect to 
types of plants and reciprocal effec- 
tive cross-inoculation between them, 
studies were begun in an attempt to 
find a logical, practical subdivision of 
this group from the standpoint of com- 
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mercial! production of inoculations for 
these legumes. 

Preliminary studies were conducted 
to test the Rhizobia for efficiency in 
nitrogen fixation on their mother 
host-plant. Several of these strains 
were then tested for efficiency on the 
velvet bean and three varieties of 
peanuts. Strains efficient on one host 
plant in this group were not neces- 
sarily efficient on other members of 
the group. Few of the strains from 
other members of the group were 
efficient on peanut. The indications 
were that such a division of the cowpea 
group would be very beneficial in 
supplying the farmers with a more 
efficient inoculation for these le- 
gumes. 


Tue Heat Resistance oF Lactic 
Acip BacTerRIA GROWN WITH Myco- 
pERMA. H. J. Peppler and W. C. 
Frazier, University of Wisconsin. 

It has been observed with certain 
cultures of thermoduric lactic acid 
bacteria grown in association with 
Mycoderma, that the bacteria present 
in the vicinity of the mycoderm film 
are more heat resistant than the bac- 
teria located at some distance from 
the pellicle. 

When cultures of Streptococcus ther- 
mophilus, strain Mc-my, were grown 
in reconstituted skim milk at 37°C. 
for 14 hours and then stored at 20 or 
25°C. for one week, subcultures of the 
top, or the mycoderm zone, showed 
greater rates of growth and of acid 
development at 37°, after heat treat- 
ments at 64° for 30 minutes, than 
exhibited by the subcultures of the 
bottom regions of the same parent 
cultures. The effect of the mycoderm 
was greatest in cultures stored at 25°. 
The mycoderm influenced the bacteria 
to a considerable depth, for the rates 
of growth and of acid production of 
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heat-treated subcultures of the mix- 
ture of top and bottom were in between 
those of the subcultures of the top and 
of the bottom regions. 

The association of the mycoderm 
with Lactobacillus helveticus, strain 
39 a-my, at storage temperatures of 20 
or 25°C. did not result in significantly 
greater heat resistance of the bacteria 
in the vicinity of the mycoderm film. 
Cultures grown for one week at 25°C., 
however, yielded subcultures from the 
mycoderm zone which were much more 
active after a heat treatment of 62° 
for 30 minutes than the subcultures of 
the bottom region. 


Tue Lack or ONE oF THE Somatic 
ANTIGENS OF TYPHOID CULTURES. 
Lois Almon and W. D. Stovall, State 
Laboratory of Hygiene and Univer- 
sity of Wisconsin. 

Two out of one hundred and seventy 
cultures of Eberthella typhosa were 
found by studies of their reaction to a 
number of strains of bacteriophage to 
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differ from the remainder of the group. 
Agglutinin absorption studies indi- 
cated that the difference lay in the 
lack of one of the heat-stable antigenic 
fractions. 

In an effort to ascertain the identity 
of the missing antigen, cross agglu- 
tination and absorption studies were 
performed with normal typhoid cul- 
tures and with cultures of Salmonella 
schottmiilleri as well as the two deficient 
cultures. No good evidence was ob- 
tained for the identity of the missing 
antigen with that somatic constituent 
which is common to Eberthella typhosa 
and S. schotimiilleri, namely antigen 
XII of the Kauffmann scheme. Fur- 
ther absorption studies using Sal- 
monella enteritidis culture and anti- 
serum demonstrated that the fraction 
lacking in the deficient typhoid cul- 
tures was present in S. enteritidis. 

It is tentatively concluded, there- 
fore, that antigen IX of the Kauffmann 
scheme is not present in demonstrable 
amounts in the two typhoid cultures 
studied. 


CENTRAL NEW YORK AND CENTRAL PENNSYLVANIA BRANCHES 


Jotnt Meerinea, State Coutece, Pa., May 21, 1938 


Some CULTURAL CHARACTERISTICS OF 
THE Genus CORYNEBACTERIUM. Rf. 
F. Brooks, New York State Agricul- 
tural Experiment Station, Geneva, 
New York. 

A progress report was given on stud- 
ies of 24 diphtheroids isolated from 
fresh, normal milk. These cultures fell 
into two groups—one leaving litmus 
milk unchanged, the other giving a 
slightly alkaline reaction. Most of the 
first group did not reduce nitrates, 
while the second did. None of the cul- 
tures liquefied gelatin, produced indol, 
or hydrolysed starch. Further work is 
in progress on these cultures. 

Of sixteen authentic strains of Cory- 


nebacterium diphtheriae, only one, 
Park-Williams No. 8, agrees entirely 
with accepted descriptions. Only two 
strains fail to reduce nitrates. Indol is 
not formed by any strain. Nine strains 
leave litmus milk unchanged. Nine 
strains form pellicle and sediment in 
nutrient broth. The strains are facul- 
tative aerobic. It is concluded that 
cultural characters cannot be relied 
upon for diagnosis of C. diphtheriae, 
animal inoculations being necessary 


Tue OccurRRENCE OF YEAST CELLS IN 
A Carpiac VEGETATION. Arthur S. 
Brumbaugh, 1312 Eleventh Street, 
Altoona, Pa. 
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Yeast cells are occasionally found in 
the pharyngeal exudate in tonsillitis or 
in the sputum from occasional cases of 
bronchitis and pneumonia. Mitchell 
(Jour. A.M.A. v. 106 #6) reports a case 
of meningeal torulosis. Mallory (New 
Engl. Jour. Med. June 14” 1934) reports 
five cases of torulosis simulating Hodg- 
kins Disease. Systemi Torulosis is 
however rather rare and the finding of 
yeast cells in a heart-valve vegetation 
was therefore thought to merit at least 
casual consideration. 

Mrs. K. R., white, age 30 yrs. died at 
the Mercy Hospital, Altoona, Pa. Jan. 
16’’ 1935 of endocarditis and at the post 
mortem examination she was found to 
have general anasarca, enlarged spleen 
and upon examining the heart there 
was marked ulceration of the aortic 
cusps and a large vegetation practically 
blocked the aortic orifice. Upon sec- 
tioning this vegetation and staining by 
the Gram-Weigert method myriads of 
staphylococci and, in a certain portion 
of the sections, yeast cells, were found. 


CULTURAL CHARACTERS OF CERTAIN 
Foop-Potsonina Miucrococcr. W. 
C. Haynes, New York State Agricul- 
tural Experiment Station, Geneva, 
New York. 

A substance elaborated by a yellow 
hemolytic micrococcus was established 
by Dack, Cary, Woolpert and Wiggers 
as the cause of a food poisoning out- 
break in 1929. Since then micrococci 
of both the aureus and albus types 
have been incriminated in similar out- 
breaks. The Dolman kitten inocula- 
tion test is still the only reliable test 
for enterotoxin-producing ability of 
micrococci. 

Enterotoxin-producing 
in common with other micrococci are 
reported to be: (a) either white, yellow 
or orange; (b) hemolytic (rabbit ery- 
throcytes); (ec) generally gelatin lique- 


micrococci, 
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fiers; (d) usually nitrate reducers; (e) 
fermenters of glucose, maltose, lactose, 
sucrose, mannitol but not of rhamnose: 
(f) capable of coagulating human and 
rabbit plasma. 

Preliminary results of the present 
investigation indicate that they are 
also: (g) catalase positive; (h) unable 
to hydrolyze starch; (i) usually able 
to produce hydrogen sulfide; (j) unable 
to peptonize coagulated blood serum. 

Using the classification of Hucker, it 
is evident that most enterotoxin-pro- 
ducing strains of micrococci are Micro- 
coccus aureus, but that other strains 
have been reported which would be 
classed as Micrococcus albus, Micrococ- 
cus candidus or Micrococcus aurantiacus. 


DIFFERENTIATION BeE- 
TWEEN SECRETED AND ENDO-EN- 
ZYMES IN CULTURES. Otto Rahn, A. 
D. Console, and R. E. Deuel, Labora- 
tory of Bacteriology, Cornell Uni- 
versity. 

If the enzyme remains in the cell, 
the rate of fermentation reaches its 
maximum when the number of cells is 
at the maximum. The point of inflec- 
tion of the products curve can never 
occur later than the cell maximum 
When the enzyme is secreted, secretion 
continues after the maximal cel! 
number has been reached. The rate of 
product formation continues to in- 
crease, and the point of inflection is 
later than the growth 
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considerably 
maximum. 
As examples for endo-enzymes, lactic 
and urea fermentation were shown, as 
examples for secreted enzymes, gelatin 
decomposition by Bacillus subtilis and 


fat-splitting by Pseudomonas fluo- 
rescens. 
Tue Micrortora oF F.ivus-Curep 


Topacco. R.G. Harris, D. E. Haley, 
and J. J. Reid, Division of Bacteri- 
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ology and Dept. of Agricultural 

Chemistry, The Pennsylvania State 

College. 

Investigation of the microflora of 
flue-cured tobacco of the Virginia 
bright leaf type has revealed a marked 
influence of fertilizer treatment upon 
the types of organisms developing upon 
the cured leaf. 

Leaves low in potassium and high in 
nitrogen have been found to be char- 
acterized by the development of Gram 
negative rods. These organisms pro- 
duce a yellow pigment on nutrient agar 
and the growth is dry and wrinkled. 
Leaves high in potassium and low in 
nitrogen, on the other hand, have been 
found to favor the development of 
Gram-negative rods, the growth of 
which on nutrient agar is smooth and 
moist. Both forms are found in al- 
most equal numbers on flue-cured to- 
bacco of normal potassium and nitro- 
gen content. In addition, mycoderms 
have been found to develop on such 
tobacco. These organisms ferment car- 
bohydrates slowly, decompose urea 
rapidly, and are able to utilize ethyl 
alcohol as an energy source. 


Tae OrGANISMS CausING Rusty Spor 
IN CHEDDAR CHEESE. Robert S. 
Breed and Carl S. Peterson, New 
York State Agricultural Experiment 
Station, Geneva, New York. 

For some time bacteriologists have 
been interested in bacteria that de- 
velop during ripening, as rusty-colored 
colonies in the cracks of cheddar 
cheese. This defect apparently occurs 
in cheese from particular dairy farms 
in the cheddar district of England, or 
factories in America. The organisms 
were identified in 1897 and named 
Bacillus rudensis by Prof. Connell of 
Kingston, Canada. The name is de- 
rived from the first syllable of the name 
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of his associate, Mr. Ruddick, later 
Dairy Commissioner of Canada. 

The original cultures and later isola- 
tions at the Station were lost. Bio- 
chemical studies of re-isolations se- 
cured from material from Somerset 
County in England in 1926 and from 
the Dairy Research Institute at Read- 
ing, England have shown that these 
rusty-colored cultures belong to two 
species. Some are chromogenic vari- 
ants of Lactobacillus plantarum (Orla- 
Jensen) Bergey et al., which it is pro- 
posed to name var. rudensis. Others 
are variants of Lactobacillus brevis 
(Orla-Jensen) Bergey et al. and may 
also be named var. rudensis. These 
organisms show the typical character- 
istics of the species named, except that 
in shake cultures of potato broth gela- 
tin they slowly develop a rusty-colored 
chromogenesis. 

Other species of lactobacilli, strep- 
tococci and propionic acid bacteria 
may develop an orange to rusty-red 
chromogenesis. 


or CHROMO- 
John W. Rice, 
Buck- 


A Distrisvution Strupy 
BACTERIUM LIVIDUM. 
Bacteriological Laboratory, 
nell University. 

Because of the importance of the or- 
ganism in question ina municipal water 
supply, bacteriological surveys were 
made on White Deer Creek in June of 
the years 1931, 1934 and 1936. There 
are 54 hunting camps, but no perma- 
nent human habitations located on the 
water shed. 

Water samples were collected from 
mid-stream at mile intervals and from 
each tributary near its junction with 
the creek. These samples were tested 
promptly in a field laboratory in ac- 
cordance with approved methods of 
the A.P.H.A. In a grand total colony 
count of 18,544 from 114 water samples 
tested in 1931, no dark purple colonies 
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were observed on any of the culture 
plates; in 1934 a total colony count of 
10,271 from 122 samples yielded one 
such colony; but in 1936 out of a total 
colony count of 33,128, seven deep 
purplish colonies were isolated. Sub- 
sequent laboratory studies revealed 
these microorganisms to be Chromo- 
bacterium lividum Voges, as described 
in Bergey’s Manual of Descriptive Bac- 
teriology, with the single exception that 
our cultures reduced nitrates. Chrom- 
obacterium lividum is apparently rela- 
tively rare in this drainage area, but is 
definitely on the increase. This in- 
crease may be, as yet obscurely, due 
to significant changes on the drainage 
basin: In 1931 the waters were exten- 
sively stagnated by 124 beaver dams; 
by 1934 these dams had all been re- 
moved, but 20 miles of new forest roads 
were under construction by the CCC in 
and across the drainage basin. 


AvuerRGic Skin Tests For Bruce.ia 
Inrection, D. R. Cordy, N. Y. 
State Veterinary College, Cornell 
University, Ithaca, New York. 

A heat-killed Brucella saline suspen- 
sion, a Brucella broth-culture filtrate, 
and a solution of Brucella nucleopro- 
tein in saline 1:500, were used in 336 
intradermal initial tests and retests of 
56 Brucella infected guinea pigs and 32 
uninfected controls. None of the ar- 
tificially infected animals showed neg- 
ative reactions, and none of the con- 
trols gave positive reactions. The 
broth culture filtrate showed 45 per 
cent doubtful reactions among infected, 
and 20 per cent doubtful reactions 
among control animals. The nucleo- 
protein elicited 19 per cent doubt- 
ful reactions among infected, and 4 
per cent among control animals. Heat- 
killed suspensions resulted in 9 per 
eent doubtful reactions among in- 
fected, and 15 per cent among control 
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animals. This latter agent gave equal 
results in densities of one billion and 
two billion organisms per cubic centi- 
meter. Initial tests were successful by 
9-15 days after infection, and retests 
were successful 17 days after a prior 
test. The skin test showed very close 
agreement with the agglutination test. 
Infection with a strain of low virulence 
did not modify skin sensitivity when 
compared with agglutination. Injec- 
tion of dead Brucella did not produce 
skin sensitivity, nor did repeated skin 
testing sensitize uninfected animals. 
Tuberculin, dead Escherichia coli, 
broth, and physiologic saline rarely 
produced dubious reactions when inoc- 
ulated intradermally. 


BrvucELLA AGGLUTININS IN HoRsgEs. 
W. S. Stone, N. Y. State Veterinary 
College at Cornell University, Ith- 
aca, N. Y. 

The incidence of Brucella agglutin- 
ins has been determined in three dif- 
ferent classes of horses. Of 1172 sam- 
ples obtained in New York City, 702 
(64.6%) were completely negative in 
all dilutions and 113 (9.6%) reacted at 
1:50 or higher. The highest titre ob- 
tained was agglutination at a dilution 
of 1:400. 

205 samples have been obtained from 
country horses of which 110 (53.6%) 
were negative while 49 (23.0%) reacted 
at a dilution of 1:50 or higher. The 
maximum titre obtained was an agglu- 
tination at 1:6400. 

Of 135 samples from clinical horses 59 
(43.7%) were negative in all dilutions 
and 61 (45.2%) reacted at 1:50 or 
higher. There were 6 animals in this 
group that reacted at 1:6400, the high- 
est titre obtained. 

It should be borne in mind that the 
mere presence of agglutinins for the 
Bang organism in the blood of equines 
is not definite evidence that active 
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disease is present in these animals. 
Very high titres for B. abortus may be 
present in the blood of equines and 
maintained for long periods of time 
without much change, or without any 
symptom of disease made manifest. 


LABORATORY REQUIREMENTS IN THE 
DIAGNOsis OF PULMONARY TUBER- 
cuLosis. Wendell J. Stainsby, M.D. 
George F. Geisinger Memorial Hos- 
pital, Danville, Pa. 

The ‘direct smear’ examination of 
sputum for tubercle bacilli is a valu- 
able diagnostic procedure, as it takes 
little time to perform and gives imme- 
diate results in grossly infected speci- 
mens. A “‘concentration’’ examination 
such as that recommended by Petroff 
should be used when the ‘“‘direct 
smear’’ is negative, and in the average 
laboratory will increase the positive 
results immediately obtained by from 
10 to 15 per cent. Before a patient’s 
sputum is considered negative, guinea 
pig inoculation or culture of the speci- 
men should be carried out. In a series 
of 171 specimens obtained from pa- 
tients suspected of pulmonary tuber- 
culosis but which were negative by 
“concentration’’ examination, com- 
parative tests were carried out simul- 
taneously. Twenty-two of these were 
positive in both guinea pig and culture; 
9 were positive by culture only and 4 
were positive by guinea pig only. Pet- 
ragnani’s medium was used for the 
culture work. From these results it is 
apparent that guinea pig inoculations 
or cultures for tubercle bacilli are almost 
equally valuable for demonstrating 
tubercle bacilli in specimens contain- 
ing few organisms. The examination 
by “direct smear’ or ‘“concentra- 
tion” of an early morning gastric 
washing from patients, suspected of 
pulmonary tuberculosis but who can- 
not provide a suitable specimen, often 
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demonstrates the presence of tubercle 
bacilli. 


Tue Bactreriostatic Action or Suutr- 
ANILAMIDE UPON HEMOLYTIC STREP- 
Tococc: OF Human Oriain. Erwin 
Neter, Children’s Hospital—Buffalo, 
N. Y., and University of Buffalo 
Medical School. 

The bacteriostatic action of various 
concentrations of sulfanilamide (pron- 
tylin, repurified for injection) upon 
different strains of hemolytic strepto- 
cocci of human origin, was tested in a 
culture medium containing phenol red 
broth base (Difco), 1% glucose and mal- 
tose respectively and 1% soluble 
starch. One loopfull of a 16- to 18-hour 
brain-heart-infusion broth culture of 
the respective organism was used for 
inoculation. 

In the control broths without sul- 
fanilamide, growth and acid formation 
occurred within 8-18 hours. In the 
presence of 0.8% sulfanilamide, growth 
and acid formation of certain strains 
of hemolytic streptococci were com- 
pletely inhibited, even when the cul- 
ture tubes were incubated for three 
weeks at 37°C. Smaller concentrations 
of sulfanilamide, ranging from 0.08% 
0.000008% retarded the growth of sul- 
fanilamide-susceptible strains of hemo- 
lytic streptococci, but did not prevent 
it. Hemolytic enterococci, and a few 
strains of non-fibrinolytic hemolytic 
streptococci of human origin, were not 
at all or only slightly inhibited by 
sulfanilamide in parallel experiments. 


Tue Errect or Tuyrorp Activity ON 
THE PRODUCTION OF AGGLUTININS 
For StrepTococcus ProGengs. Ly- 
etta Marshak, Bacteriological Labor- 
atory, Bucknell University. 

An attempt was made in this work to 
establish the relation between thyroid 
activity and the production of aggluti- 
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nins for hemolytic streptococci. Eight 
rabbits of approximately the same 
weight were tested for the presence of 
natural agglutinins. Since no native 
agglutinins were found, these animals 
were used in the following experimental 
work. Three rabbits were thyroidec- 
tomized; two others were fed dessi- 
cated thyroid each week on the day 
preceding inoculation. The thyroid 
was bared in another rabbit which then 
Two 
others were used as regular controls. 
Immunity to the streptococci was 
established by administering graded 
doses weekly of killed organisms for 
four weeks and of viable organisms for 
three weeks thereafter. The rabbits 
were bled, and agglutination tests were 
run on their sera with extreme vari- 
ability in results. Finally, an attempt 
was made to kill the rabbits by mass 
doses, but four of the animals did not 
succumb even to seventy billion viru- 
lent organisms and were, therefore, 
sacrificed. This last step served as a 
check on the agglutination results and 
also indicated, as did the agglutina- 
tion tests run on the last four rabbits 
before they were killed, that agglutinin 
was not the immune substance respon- 
sible for the ability of the rabbits to re- 
sist such large doses of virulent strep- 
The conclusions, based on 
the agglutination tests and the order 
in which the rabbits died, were that 
thyroid upset, either hypo- or hyper- 
thyroidism, has no specific effect on the 
immunity mechanism of the rabbit 
and causes, at best, a slight increase in 
the agglutination titre of those animals 
in which the thyroid balance has been 
upset 


acted as the operative control. 


tococci. 


A Srupy or tHe Lipips or SEVERAL 
STRAINS OF Enteric Baciiur. Clara 
I. Hinton, Leslie A. Sandholzer, and 
Walter R. Bloor, Dept. of Bacteriol- 
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ogy, University of Rochester, Roch- 

ester, N. Y. 

A study has been made of the lipids 
of nine strains of enteric bacilli. Seven 
of these strains were members of the 
Escherichia genus, one was a typical 
Escherichia-Aerobacter Intermediate 
and one was a strain of Shigella para- 
dysenteriae (Flexner). The organisms 
were grown on a fat-free agar medium 
under constant conditions. They were 
harvested, washed, frozen and dried in 
vacuo from the frozen state. The 
analyses for lipids were made on the 
whole dried organisms by Bloor’s 
micromethods. 

The total lipid of the dried organisms 
varied from 4.4 to7.9 percent. It con- 
sisted largely of phospholipid. The 
neutral fat represented 1 per cent or 
less of the total lipid. No sterols were 
found. 

Phospholipid, present in approxi- 
mately equal amounts in all of the 
organisms, represented about 4.5 per 
cent of the dry weight of the bacteria. 
Although similar to other phospho- 
lipids in fatty acid-, phosphorus- and 
nitrogen-content, the phospholipids 
from the various strains varied widely 
in their iodine numbers, indicating 
marked differences in the structure of 
the fatty acids. 


Tue AMYLASE AND PHOSPHATASE TESTS 
IN RELATION TO THE COMMERCIAL 
PASTEURIZATION OF MiLK. Harold 
W. Leahy, Rochester Health Bureau 
Laboratories, Department of Bacter- 
iology, University of Rochester 
School of Medicine and Dentistry 
Rochester, New York. 

A modified Scharer Phosphatase Test 
and the author’s Amylase Test were 
compared on 926 samples of milk col- 
lected at various stages of pasteuriza- 
tion from 137 vats in 90 pasteurizing 
plants. The modified Scharer’s pro- 
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cedure compared favorably with that 
of Kay and Graham, but was more 
sensitive than the author’s Amylase 
Test or the original method for de- 
tecting underheating or the admixture 
of raw milk. The modified method and 
the author’s Amylase Test failed to 
detect the presence of milk pasteurized 
at 143°F for 15 minutes in 20.4 per cent 
and 37.9 per cent, respectively, of the 
vats examined. 

Modified Scharer Test: 1 cc. of milk 
was added to 10 cc. of Kay and 
Graham’s disodium phenylphosphate- 
sodium veronal solution, a drop of 
chloroform added, the mixture incu- 
bated at 37°C for 18 hours, and 0.2 ce. 
of a 0.4 per cent solution of 2,6-dibro- 
moquinonechloromide in 95 per cent 
alcohol added. Properly pasteurized 
milk produced a slight greyish color, 
while the addition of 0.2 per cent of 
raw milk, or a slight underheating (1° 
to 2°F), or a shortening of the holding 
period (5 or 10 minutes), produced a 
blue color, the intensity of which de- 
pended upon the degree of underheat- 
ing or the amount of raw milk pres- 
ent. 
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PuysicaL CHEMISTRY AS APPLIED TO 
BacterioLocy. M. W. De- 
partment of Agricultural and Biolog- 
ical Chemistry, The Pennsylvania 
State College, State College, Pa 


Lisse, 


Some CHARACTERISTICS OF STRAINS OF 
Ru1zopium aS RELATED TO TEEIR 
Previous Sympiotupe. H.J. Webb, 
Department of Agronomy, Cornell 
University, Ithaca, N. Y 


Types or Nopvutes Propucep ON 
Species OF LEGUMES BY VARIOUS 
Srrains OF Rarzopicom. J. K. Wil- 
son, Department of Agronomy, Cor- 
nell University, Ithaca, N. Y. 


MouttieLe Virus INFECTION OF INDI- 
vipvuaL Host Ceg.is. Jerome T. 
Syverton and George Packer Berry, 
School of Medicine and Dentistry, 
University of Rochester, Rochester, 
ae 


= 


‘ONCENTRATIONS OF ZINC INFLUENCING 
Bro.LoaicaL AcTIVITIES IN Sort. W. 
L. Lott, Department of Agronomy, 
Cornell University, New 
York. 


Ithaca, 
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Some of the Qualities 
which it represents: 


INTENSIVE STUDY, carried on for more than 
two decades, in the development of dehydrated 
culture media and bacteriological culture media 
ingredients. 


PRACTICAL EXPERIENCE for more than twenty 
years in the preparation of products of the highest 
quality. 


ACTIVE COOPERATION with many bacteriologists 
in developing improved standardized products. 


ACCURATE STANDARDIZATION and laboratory 


control at all stages of manufacture. 
INSTANT AVAILABILITY whenever required. 
REMARKABLE STABILITY over long periods of 


time. 
EXCEPTIONAL UNIFORMITY of products. 
COMPLETE COMPARABILITY of results. 
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